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DECLARATION UNDER 37 C.F.R. §1.132 

The undersigned, Gary Liversidge, hereby declares as follows: 
I. Background of Gary Liversidge 

1 . I received my Ph.D. in 1981 from the University of Nottingham, England, in 
Pharmaceutical Chemistry. I have been working in the field of nanoparticulate drug technology 
since 1987, when I joined Eastman Pharmaceuticals. 

2. Through a scries of business transactions, Eastman Pharmaceuticals became 
Sterling Winthrop Pharmaceuticals Research Division, which became known as NanoSystems. 
This business is currently known as the Elan Drug Technologies (EDT) business division of Elan 
Corp. PLC. Intellectual property developed at EDT is owned by Elan Pharma International Ltd. 
(an affiliate of Elan Corp., PLC), which is the assignee of the above-referenced patent 
application. 

3. Currently I am Vice-President and Chief Technology Officer of EDT, with offices 
at 3500 Horizon Drive, King of Prussia, PA 19406. 
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II. Nanoparticulate formulations do not always improve bioavailability 
of tin- nitiu- am-nt in comparison to other formulations 

A. U.S. Patent No. 7,217,431 

4. U.S. Patent No. 7,217,431 ("the '431 patent" submitted herewith as Exhibit A) 
demonstrates that a nanoparticulate formulation of a drug substance according to Elan's 
nanotechnology does not improve in vivo bioavailability of the drug in comparison to other non- 
nanoparticulatc formulations of the same drug substance. See Example 4, which is summarized 
in the following paragraphs. This data therefore demonstrates that a researcher cannot predict 
whether an active agent will exhibit an improved pharmacokinetic profile by reformulating the 
active agent into a nanoparticulate formulation. 

5. Five different formulations of a drug substance, including a nanosuspension of the 
drug supplied by Elan (the assignee of the present application), were orally administered to dogs 
at similar doses and then tested for in vivo bioavailability. See column 24, line 61 through 
column 25, line 37. The nanosuspension of the drug comprised nanoparticulate drug (e.g., drug 
particles having an effective average particle size of less than 1 micron), HPC-SL as a surface 
stabilizer adsorbed to the surface of the drug particles, and water. The particulate material of 
formulation B or C had a geometric weight mean diameter between 75 urn and 2000 urn. See 
column 38, claim 1. 
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Table 1 


Formulations 


Contents 


Dose 


A 


Nanosuspcnsion stabilized by hydroxyl propyl 
cellulose (HPC-SL) (supplied by Elan) 


36.3 mg 


B 


Tablets containing a particulate material of the 
drug 


37.5 mg 


C 


Tablets containing a particulate material of the 
drug 


42.4 mg 


D 


Capsules containing a microemulsion of the drug 


36.5 mg 


E 


Capsules containing a microemulsion of the drug 


37.2 mg 



6. Despite the minor variation in the dose of each formulation administered to dogs, 
the non-nanoparticulate tablet and capsule formulations achieved higher in vivo bioavailability, 
as represented by higher C max and AUC, in comparison to the nanosuspcnsion of the same drug 
substance. See the table spanning columns 27 and 28, the results of which are summarized in the 
table below. 



Table 2 


Formulations 


C„ UIX 


AUC 


C„ I8X (ng/ml) 


% relative to 
Formulation A 


AUCo-inr (ng/ml) 


% relative to 
Formulation A 


A 


19 ± 8 




206 ± 108 


237% 


B 


52 ± 15 


274% 


489 ± 187 


C 


29 ± 17 


153% 


290 ± 184 


141% 


D 


35 ± 13 


1 84% 


318 ± 144 


1 54% 


E 


42 ±6 


221% 


318 ± 65 


154% 



7 . Accordingly, both non-nanoparticulate capsule and tablet formulations containing 
drug particles of much larger particle size exhibited greater bioavailability as compared to a 
nanoparticulate formulation, as demonstrated by the '43 1 patent. 
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B. Ketoprofen 

8. Vergote et al. ("In vivo evaluation of matrix pellets containing nanocrystalline 
ketoprofen," Int'l. J. Phartn., 240: 79-84 (2002); Exhibit B), describes comparison of the 
bioavailability of a microparticulate ketoprofen composition and a nanoparticulate ketoprofen 
composition following administration to dogs. The microparticulate ketoprofen composition 
had a mean particle size of 65 urn, and the nanoparticulate ketoprofen composition had a mean 
particle size of 265 nm. See page 80, right column, 1 st paragraph. 

9. The nanoparticulate ketoprofen composition and the microparticulate ketoprofen 
composition demonstrated similar performance in bioavailability (represented by C max and AUG) 
in both forms of pellets and compressed pellets, as shown in Table 1, page 83, relevant data 
excerpted and compared below. 







Table 3 








Ketoprofen Formulations 


C max (ug/ml) 


% of 
difference 


AUC 
(ug/h/ml) 


difference 


Pellets 


Nanoparticulate 


12.8 ±0.8 


25% 


94.1 ±9.5 


9% 


(n = 6) 


Microparticulate 


10.2 ± 1.5 


86.1 ±7.0 




Compressed 
pellets 

(n = 3) 


Nanoparticulate 


7.7 ±0.3 


24% 


93.2 ±6.8 




Microparticulate 


6.2 ± 0.4 


91.4 ±7.3 


2% 



10. Both C in ax and AUC are required elements for bioavailability. While the 
maximum concentration of ketoprofen was about 24-25% higher for the nanoparticulate 
formulation of ketoprofen, the total quantity of drug absorbed following administration was 
almost identical for the nanoparticulate and microparticulate ketoprofen formulations (i.e., 
differences of 2% and 9%). 



1 1. Pursuant to the accompanying FDA guidance for "Bioavailability and 
Bioequi valence Studies for Orally Administered Daig Products" (revision 1, March 2003; 
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Exhibit C), two drugs or two formulations are considered bioequivalent if the AUG and C max are 
within 80-125%. See page 20, last paragraph. Thus, this reference demonstrates that formulating 
a drug into a nanoparticulate drug formulation does not necessarily lead to improved 
pharmacokinetic properties, such as bioavailability. Moreover, this reference also demonstrates 
that a researcher cannot predict that a nanoparticulate drug formulation will perform better than a 
non-nanoparticulate formulation of the same drug, based on improved pK profiles of a different 
drug formulated into a nanoparticulate drug formulation. 

HI- Nanoparticulate drug formulations do not always eliminate food 

effect of the drug in comparison to non-nanoparticulate formulations 
of the same drug 

12. Nexavar® (sorafenib tosylate) is an orally bioavailable multi-kinase inhibitor 
containing large particles (e.g., greater than 10 microns) of the active agent, sorafenib tosylate. 
Nexavar® is prescribed for hepatocellular carcinoma and for patients with advanced renal 
carcinoma at a twice daily, 200 mg tablet. 

13. A nanoparticulate sorafenib tosylate composition comprising 0.6% Tween 80, 
0.07% docusate sodium, and 35% D-sorbitol was prepared. The nanoparticulate sorafenib 
tosylate composition had a D50 particle size of less than 300 nm. 

1 4. The plasma pharmacokinetic profiles of Nexavar® and the nanoparticulate 
sorafenib tosylate composition were compared after each formulation was orally administered to 
dogs under fasted and fed conditions. 

15. As demonstrated in the figure below, Nexavar® exhibited minimal variation in 
mean plasma concentration of sorafenib tosylate between fasted and fed dogs; whereas the 
nanoparticulate sorafenib tosylate composition exhibited significant variation in mean plasma 
concentration of sorafenib tosylate between fasted and fed dogs. 
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16. An elimination of food effect is represented by a fed/fasted ratio of 1.0. In other 
words, the closer the fed/fasted ratio to 1 .0, the less food effect for the drug formulation. As 
shown in the table below, Nexavar® did not show much food effect as demonstrated by minimal 
variations in AUC, C max and T max between fasted and fed dogs. However, the nanoparticulate 
sorafenib tosylate composition exhibited significant food effect as demonstrated by big 
variations in AUC, C„ m and T nm between fasted and fed dogs. 



WASH _8129641.1 



-6- 



Attorney Docket No. 029318-0978 
Application No. 10/701,064 



Table 4 


PK 
parameters 


200 mg Nexavar® tablet 


4.0 g (50 mg/g) nanoparticulate 
sorafenib tosylate composition (NCD) 


Fasted 
N=6 


Fed N=6 


Fed/Fasted 
Ratio 


Fasted 
N=6 


Fed N=6 


Fed/Fasted 
Ratio 


AUCiast 

(ng/mL. hr) 


1 8040.090 
± 

10610.914 


18986.991 
± 6399.603 


1.05 


7443.356 ± 
7901.862 


18419.494 
± 8754.795 


2.47 


AUCmf 

(ng/mL. 
hr) 


18733.619 
±11035.52 


20138.630 
±7210.515 


1.08 


7432.754 ± 
9673.851 


19622.505 
10535.396 


2.64 


C mS ,v 

(ng/mL) 


2286.766 ± 
1446.826 


21 70.977 ± 
678.647 


0.95 


58 1.624 ± 
571.488 


1221.659 ± 
368.175 


2.1 


T max (hr) 


1.917 ± 
0.606 


1.500 ± 
0.548 


0.78 


9.250 ± 
9.310 


3.417 ± 
1 .656 


0.37 



IV. It is unpredictable whether a nanoparticulate formulation of an active 
agent achieves improved bioavailability of the active agent in the 
presence of food or in the absence of food 

A. Megestrol Acetate - maximum bioavailability achieved in the 
presence of food 

17. Megace® is a micronized megestrol acetate formulation having a particle size of 
less than 20 microns. Megace ES® is a nanoparticulate megestrol acetate formulation having a 
particle size of less than 200 nm and having a surface stabilizer adsorbed to the surface of the 
megestrol particles. See U.S. Patent Nos. 5,338,732 and 7,101,576, which describe the particle 
size information of Megace® and Megace ES®. 

1 8. As shown in the figures below, Megace® exhibited significant variation in 
bioavailability when administered in fed state and in fasted state, whereas Megace ES® 
essentially diminished the food effect on bioavailability. 
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Fed Condition 



Fasted Condition 



Megace ES 625 mg/5 mL 
Megace800 mg/20 mL 




4 8 12 16 20 24 
Time (hours) 




Megace ES 625 mg/5 ml 
Megace 800 mg/20 mL 



4 8 12 16 20 24 
Time (hours) 



19. Nanoparticulate formulation of megestrol acetate achieved the maximum 
bioavailability in the presence of food. This is surprising, as other drugs demonstrate maximum 
bioavailability when formulated into a nanoparticulate drug formulation in the absence of food, 
as described in the section below. 

20. This data demonstrates that at present it is not possible to predict whether a drug 
formulated into a nanoparticulate drug formulation will exhibit maximum bioavailability in the 
presence or in the absence of food. 
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B. Cilostazol - maximum bioavailability achieved in the absence 
of food 

21. A microparticulate cilostazol composition having a D 5 o particle size of 2.4 
microns exhibited significant variation in bioavailability when administered to fed beagle dogs 
and to fasted beagle dogs. However, the food effect was greatly reduced when a nanoparticulate 
cilostazole composition having a D 50 particle size of 0.22 microns (or 220 nm) was administered 
to fed beagle dogs and to fasted beagle dogs, as shown in the table below. 



Table 5 




Nanoparticulate 
Cilostazol Composition 


Microparticulate 
Cilostazol Composition 


D S o Particle Size (um) 


0.22 


2.4 


Fed AUC (ng-h/mL) 


13589 ±3895 


10669 ±3417 


Fasted AUC (ng-h/mL) 


17832 ±4994 


2875 ± 587 


Fed/fasted ratio 


0.76 ± 0.04 


3.7 ±0.7 



22. Nanoparticulate formulation of cilostazol achieved the maximum bioavailability 
in the absence of food. This is surprising, as other drugs demonstrate maximum bioavailability 
when formulated into a nanoparticulate drug formulation in presence of food, as described in 
the section above. 

23. This data demonstrates that at present it is not possible to predict whether a drug 
formulated into a nanoparticulate drug formulation will exhibit maximum bioavailability in the 
presence or in the absence of food. 

C. MK-0869 - maximum bioavailability achieved independent of 
the fed/fasted condition 

24. A microparticulate MK-0869 composition having a mean particle size of 5.5 
microns exhibited significant variation in bioavailability when administered to fed beagle dogs 
and to fasted beagle dogs. However, the food effect was essentially eliminated when a 
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nanoparticulate MK-0869 composition was administered to fed beagle dogs and to fasted beagle 
dogs, as shown in the table below. 



Table 6 




Nanoparticulate MK- 
0869 Composition 


Microparticulate MK- 
0869 Composition 


Mean Particle Size (um) 


0.12 


5.5 


Fed AUG (ng-h/mL) 


24385 ±3261 


18715 ± 3240 


Fasted AUG (ng-h/mL) 


25287 ± 3290 


5883 ± 1862 


Fed/fasted ratio 


0.96 


3.2 



25. Nanoparticulate formulation of MK-0869 achieved the maximum bioavailability 
independent of the fed/fasted states. This is surprising, as other drugs demonstrate maximum 
bioavailability when formulated into a nanoparticulate drug formulation in the presence of food, 
while yet other drugs demonstrate maximum bioavailability when formulated into a 
nanoparticulate drug formulation in the absence of food, as described in the sections above. 

26. This data demonstrates that at present it is not possible to predict whether a drug 
formulated into a nanoparticulate drug formulation will exhibit maximum bioavailability in the 
presence or in the absence of food. 

V. Not all active agents can be formulated into stable nanoparticulate 
active agent compositions 

A. Banavath 

27. Although nanoparticulate active agent compositions may improve bioavailability 
of the active agent, the technologies employed to obtain nanoparticulate active agent 
compositions, such as precipitation, microemulsion, high pressure homogenization, and milling, 
are all associated with disadvantages. See Banavath et al., "Nanosuspension: An Attempt To 
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Enhance Bioavailability Of Poorly Soluble Drugs," Int'lJ. Pharm. Sci. and Res. 1(9): 1-11 
(201 1) (submitted herewith as Exhibit D), at page 4, Table 2. 

28. More specifically, precipitation may cause the growth of drug crystals and 
requires that the drug be soluble in at least one solvent. Microemulsion requires the use of a high 
amount of surfactant and stabilizer, which increases production cost. At times, microemulsion 
even involves the use of hazardous solvents in production. Homogenization requires that the 
drug be pre-processed into a micronized state, and possible contamination may occur from metal 
ions from the wall of the homogenizes Milling is a time-consuming process which is hard to 
scale up and which may have contamination from the milling media. Also prolonged milling 
may induce instability of the drug, resulting in the drug transforming into an amorphous state. 
Therefore, not all active agents can be successfully made into nanoparticulate active agent 
formulations in view of the technologies available to date. 

B. Wu 

29. Wu et al. ("Physical and chemical stability of drug nanoparticles," Advanced Drug 
Delivery Reviews, electronically published in February, 201 1 , submitted herewith as Exhibit E) 
report that it remains challenging to obtain nanoparticulate active agent compositions that are 
physically and chemically stable because the stability is affected by many factors. See lines 84- 
105 and 855-861. 

30. More specifically, Wu et al. teach that obtaining a stable nanoparticulate active 
agent composition is hindered by the difficulty of selecting a suitable surface stabilizer for the 
active agent. Moreover, according to Wu el al. the main challenges in designing nanoparticulate 
drug formulations are: (i) the lack of a fundamental understanding of the interaction between the 
surface stabilizer and the active agent nanoparticles (see lines 268-273); (ii) the process of 
selecting a surface stabilizer having an appropriate anchoring tail to the particular active agent is 
burdensome (see lines 268-273); (iii) the lack of predictability due to the lack of any correlation 
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between the physiochemical properties of the active agent and the success rate of obtaining a 
stable nanoparticulate active agent composition (see lines 399-402); and (iv) the lack of an 
efficient and high throughput screening technique to identify a suitable surface stabilizer (see 
lines 812-816). 

C. Stable nanoparticulate clopidogrel bisulphate composition 
cannot be obtained. 

3 1 . Clopidogrel is an inhibitor of platelet aggregation. Clopidogrel bisulphate is 
insoluble in water at neutral pH but freely soluble in water at pH 1.0. Clopidogrel, as a methyl 
ester, is hydrolysed in vivo by esterases to an inactive carboxylic acid derivative, which 
represents more than 85% of the circulating drug related compounds in the plasma. Thus, only a 
small unknown portion of clopidogrel is available for metabolism to the active metabolite after 
oral administration. Therefore, it is desirable to obtain a nanoparticulate clopidogrel bisulphate 
composition to improve bioavailability of this drug. 

32. The challenge in obtaining a stable nanoparticulate clopidogrel bisulphate 
composition is that during the milling process to reduce the particle size of clopidogrel, the pH of 
the milling mixture decreases while the dissolution of clopidogrel bisulphate increases. 
Accordingly, clopidogrel bisulphate undergoes auto-catalysis during milling process until it is 
completely dissolved at pH 1-2. 

33. Different approaches were attempted to stabilize clopidogrel bisulphate during the 
milling process, such as milling in buffered systems and milling using the common ion effect, 
although none of these approaches resulted in a stable nanoparticulate clopidogrel bisulphate 
composition. 

34. Milling of clopidogrel bisulphate was conducted in different buffered systems 
having a pH from 6.0 - 12.0 to prevent dissolution of clopidogrel bisulphate during milling. The 
results are detailed in the table below. 
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Table 7 


Clopidogrel 
Bisulphate 

(% w/w) 


Surface 
Stabilizer 

(% w/w) 


Buffered System 
(pH) 


pH prior 
to milling 


pH post milling 


5% 


HPC-SL 

(2%) 


93% w/w citric 
acid/sodium phosphate 
dibasic solution (pH 7.0) 


not 
determined 


2.21 


5% 


Plasdone S- 
630 (2%) 


93% w/w sodium 

phosphate 
monobasic/sodium 
phosphate dibasic solution 
(pH 8.0) 


7.0 


1.82 


5% 


Plasdone 
K29/K32 

(2%) 


93% w/w hydrochloric 
acid-Tris (hydroxymethyl) 
amino methane solution 
(pH 8.9) 


2.0 


Not milled due to 
dissolution of active 
agent prior to milling 


5% 


HPC-SL 
(2%) 


93% w/w citric 
acid/sodium phosphate 
dibasic solution (pH 7.0) 


6.0 


2.17 


5% 


HPC-SL 
(2%) 


93% w/w buffered 
solution (pH 12.0) 


3.0 


Not milled due to 
dissolution of active 
agent prior to milling 


5% 


Pharmacoat 
603 (2%) 


93% w/w simulated 
intestinal fluid (pH 12.0) 


Not 
determined 


2.0 



35. Due to the dissolution of clopidogrel bisulphate in the buffered systems either 
prior to or post milling, despite the variable conditions attempted, it was found that it was 
impossible to obtain stable nanoparticulate clopidogrel bisulphate compositions. 



36. Milling of clopidogrel bisulphate was conducted under the condition of saturating 
the system with common ion, bisulfate ion, in a saturated sodium bisulphate solution to control 
the equilibrium solubility of the clopidogrel during milling. The results are detailed in the table 
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Table 8 


Clopidogrel 
Bisulphate 

(% w/w) 


Surface 
Stabilizer 

(% w/w) 


Observations 


5% 


None 


Microscopy showed the presence of drug particles in small 
quantities. The majority of material observed was in a 
flocculated state. 


5% 


Pharmacoat 603 
(HPMC)(1%) 


After subsequent addition of stabilizer, flocculation 
appeared to be reduced. An increased proportion of the 
drug appeared in the harvested aliquot suggesting increased 
milling of the drag, Brownian motion was not apparent. 


5% 


HPC-SL (2%) 


Some milled drug particles were apparent although in very 
small quantities. Particles did not exhibit Brownian 
motion. Flocculation was readily apparent throughout the 
aliquot of sample observed under microscope. 


5% 


Tween 80 (2%) 


Unmilled drug particles apparent. Aliquot harvested for 
microscopy was extremely dilute suggesting that very little 
drug was milled. 


5% 


Pharmacoat 603 
(HPMC) (2%) 


Nanoparticles were observed in very small quantities. 
Particle did exhibit a small degree of Brownian motion. 


5% 


Pharmacoat 603 
(HPMC) (2%), 
DOSS (0.05%) 


Very small quantities of milled drug particles were 
observed. Although particles were somewhat milled, they 
did not appear to be in the nanoparticulate size range. No 
Brownian motion was observed 


5% 


Plasdone S-630 
(2%) 


Harvesting was not possible as the drug did not appear to 
mill. No microscopy was therefore performed. A large 
proportion of the slurry was observed on upper mill plate 
and agitator possibly leading to a void in the mill chamber 
reducing the milling efficiency. 


5% 


Tyloxapol (1%) 


Microscopy showed the presence of a very small 
concentration of milled particulates which appeared to 
exhibit Brownian motion most likely due to the diluted 
nature of the slurry. 
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37. Despite the variable conditions attempted, it was found that it was impossible to 
obtain a stable nanoparticulate clopidogrel composition by controlling the equilibrium solubility 
of clopidogrel hisulphate via saturating the system with the common ion. 

38. Accordingly, a stable nanoparticulate clopidogrel bisulphate composition could 
not be obtained under the various conditions tested. 



39. The data described herein demonstrate unpredictability in the art, such that there is 
no a priori expectation that any given active agent could be made into a nanoparticulate 
composition. The data also shows that it is incorrect to assume that improved bioavailability or a 
reduced food effect will result merely from making the nanoparticulate form of an active agent. 

40. I declare that the statements made herein of my knowledge are true and all 
statements on information and belief are believed to be true; and further these statements were 
made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that 
such willful false statements may jeopardize the validity of the application or any patent issuing 
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ABSTRACT 



A process for the preparation of a particulate material by a 
c.miro:ie.i agglomeration method, i.e. a method that enables 
:.i controlled growth in particle size. Il:c method i, especially 
suitable for use in the preparation ol pharmaceutical com- 
positions containing, a therapeutically and/or prrjphylacti- 
cally active substance which has a relatively low aqueous 
solubility and/or wliich is suhject to chemical decomposi- 
tion. The process comprising i) spraying a lirst composition 
comprising a carrier, which has a melting point of about 5° 
Cor more which present nth lirst c mposilinii in liquid 



solid :onn, the second ct 



ing a temper 



al ihe mosl a temperature corresponding to the melting pon 
of the carrier and/or the carrier composition and ii) mixing 
or others means of mechanical working the second compo- 
sition onto which the first composition is sprayed to obtain 
ihe particulate material. 

44 Claims, 8 Drawing Sheets 
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COM ROLLKD AGGLOMERATION 



HELD OF C IF. INVl-'N'l [ON 



\ k iku! 
ftuwabiiitv. 



rapeutically aiidvi prophylae 



tablets 



Method 



He preparer: lhai hive 
o iinpro\ '.he. I life ol 



.oilipos, 



is upoi 



using a process for the preparation ol a paniculate material 

Hie invention also provides .1 process li>r the preparation 
of a particulate material, the process comprising 

i ) ,pr.iym.n .1 lirsl composition comprising a i-jirriur winch 
has a melting point «>t about '' Cor more such us. e.g . 
about 10° C. or more, about 20° C. or more or about 25° 
i ". or more and which is present in the rirst citmposit on 
In liquid 101m, 011 a second composition comprising a 
material in solid :.<rra. the second composition having 
a teniperaniie nf at the must a temperature correspond- 
ing to the melting poml of t.ie carnei uicfnr ot the 
carrier composition such as. e.g.. a temperamre of at 
least about 2" (".. ,tt least about 5" ('. or at least about 
i 0" ( . lowei than the melting point of the earner and or 
of the carrier composition, and 

ii) mixing or other means of mechanical working the 
second composition onto winch the lirsl composition is 
spnyed to obtain the particulate material. 

"lie piocess enables incorporation in a solid material of a 
high load of a carrier of a type that e.g. due to lis solubility 
properties enables a high load of therapeutically and/or 
prophyiactically active substances with a relatively low 
aqueous solubility. The carrier is normally solid or semi- 
solid mad normally it has a sneky. oily or waxy character. 
However, the carrier may also be fluid at room temperature 
or even at temperature below 5° C. and in such cases it is 
contemplated thai the process is earned out by employment 
of cooling of the second composition. 3y employment of the 
novel controlled agglomeration method a particulate mate- 
rial with a high load of earner may be prepared and the 



■ prepan 



to a paniculate material 
obtained by the novel process and to ph.irmaccni ical cs m- 
p editions containing such particulate material ! lie partial- • 
late material obtained exhibits excellent llo» ability and 
compact ability and possess excellent tableiting properties. 

BACKGROUND OF THE INVENTION 

'."here is a need lor .lev eloping new and nipioved nictn- 
Oils which enable preparation I pharmaceutical composi- 



te present 



described e a. in hP-A-0 iOfi 4n5 fl.ejus Medical Aklieh 
lag). JP 60184-57X iTakcda) and in WO ill. 22041 ill. 1 un- 
dbock VS'i. However, in none of ihese documents is 
described a method lor the preparation ot a paniculate 
material, w Inch method enables incorporation of a relatively 
high amount of a earner as defined below .and at the same 
tone controlling the size ot the particles obtained. 



and C 



\s indicated abov e an importanl step .11 the proce: 
preparation ot a paniculate material according to tli 
lion is the addition of a carrier or a carrier composil 
carrier is of a type, which lias a melting point ot" at leas; 
about 25"* C such as. e.g., ai least about M)° C. at least about 
35° C. or at least about 40° C. For practical reasons, the 
melting point may not be too high, ihus. the carrier normally 
has a melting point of at the most about sOO ' C. such as, e.g., 
at the most about 250° C at the most about 200" C, at the 
most about 150" C. or at the most about 100° C. If the 

onsiiie uiaiutenanee id a sufficient nigh temperature during 
the delivery ot the carrier to the spraying equipment neces- 
sary to provide the melted earner ior carrier composition ; in 
the lorm ol a spray. I urthcrmore. in those cases where e.g. 
a therapeutically and, or prophyiactically active substance ,s 
mcaiaed in die corner composition, a relatively high tem- 



Ihe 



of do: 



nidation of the substanec. 

in the present context, the melting point is determined by 
40 HSC" (differential Scanning C alonmeiry ). ['he melting point 
is determined as the temperatnt e at wlncti the linear increase 
of the DSC curve intersect the temperature axis (see FIG. 8 
for further details). 

Suitable earr ers are generally substances, which are used 
45 in the manufacture of plinrmaccuiicals as so-called meit 
binders or .solid solvents (in the lorm ol solid dosage limn), 
or as co-solvents or ingredients in pharmaceuticals for 
topical use. 

1 he earner may he hydrophilic. hydrophobic and'or they 

50 may have surface-active properties. In general hvdrophihe 
and or hydrophobic carriers are suitable for use in the 
irumuiactiire ot ., pharmaeeut cnl composition comprising a 
therapeutically .uiil'or prophyiactically active substance that 
lias a relatively low aqueous solubility and'or when the 

55 release of the active substance from the pharmaceutical 
composition is designed to be immediate or non-modified. 
1 lydrophobic carriers, on the other hand, arc normally Used 
in the manufacture ol a muddied release riliarmacculicul 
composition, .be .move-given considerations arc smiplitied 

40 K> illustrate general principles, hut iheie arc many cases 
where other combinations ot carriers and other purposes are 
relevant and, therefore, the examples above should not in 
any way limit the invention, 

Examples on a suitable carrier are a hydrophilic carrier, a 

6j hydrophobic carrier, a surfactant or mixtures thereof. 

I'vpically. a suitable hydrophilic earner is selected from 
the group consisting of: polyether glycols such as. e.g.. 
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the 



O l| 1 p O S 



palmitic ..ckI. higher alcohol: 



i. e.g.. 



«?.*.. glyceryl monostoanile. !iy.In>)tciiau.'J 'allow. myriMxi 
alcohol, stearyl aicolml. substituted and/or nnsuhstituted 
moiioglycendes. si'.h a mited .u-.dVor inisiibsi Hilled diglvcer- 
:Jc». .ubstmttcd ana. or iiiiM.b.a.nuied triglycerides, velUm- 
beeswax, while bev.w.-ix. i.mi.mba wax, easier wax. japan 
aoglycerides: NVP polymers. I'VP poly- 



e then 



,ent. [he earner is a polyethylene 
nolecular weight in a range of 
m such as, e.g., from about 800 
; 1.000 to about 35.000 such as. 
XX). polyethylene glycol 2.000. 
polyethylene glycol t.oiiu. polyethylene jiiycoi 4.000. poly- 
ethylene glycol 5.0(X>. polyethylene glycol hOOO, polyeth- 
ylene glycol 7.0(10. polyethylene glycol S (jiH). polyethylene 
gKeof >.(K« poly ethylene glycol mm. poiveihyiene ulv- 
col 15.000, polyethylene glycol 20,000, or polyethylene 
glycol 35.000. In certain situations polyethylene glycol may 
be employed with a molecular weight from about 35.000 to 
about 100,000. 

in another interesting embodiment, ihe carrier is polyeth- 
ylene oxide having ,, molecular weight of from about 3.000 
to about 7,000,000 such as. e.g. from about 2.000 to about 
100.000. from about 5.000 to about 75.000, from about 
10,000 to about 60.000. from about 15.000 to about 50.(XX), 
from about 20.000 to ahoul 40.01X). from about ll)O.(KX) to 
about 7.000.000 such as. e.g.. from about 1 OO.(XX) to about 
1.000.0IX). fromabotit 100.000 to about 600.000. from about 
i 00. 1)00 to about 400.000 or irom ..bout IdO.IXX) to about 
300.000. 

In another embodiment, ihe carrier is a poloxamer such 
as. e.g. Poloxamer iSS. Poloxamer 237. Poloxamer 33H or 
Poloxamer 407 or other block copolymers of ethylene oxide 
and propylene oxide such as the PiuromeS. and/or I'etrontc K 
series. Suitable block copolymers of the Phiromc H scries 
include polymers having a molecular weight of about 3.000 
or more such as, e.g. from about 4.000 to about 20.000 
and/or a viscosity .Brookticld) from about 200 to about 
4.000 cps such as. e.g.. from about 250 to about 3.000 ops. 
Suitable examples include Plutonic* FJ8. P65. P68LK P75. 
F77. P84. P85. F87. 1-88. P98. P103, P104. P105. F108. 
P123, F123, F127. I0R8. 17R8, 25R5, 25R8 etc. Suitable 
block copolymers of the Teiromc aoncs include polymers 
having a molecular weight of about b.000 or more such as, 
e.g., from about 9.000 to about 35.000 and/or a viscosity 
(Brookfield) of from about 500 to about 45.000 cps such as, 
e.g.. from about 600 to about 4(>,0(K>. The viscosities given 
a hove 're determined at 60 = C. Ibr substances that are pastes 
at room temperature and at 77" C. for substances that are 
solids at room temperature. 



ture of differ. 
■ phi he niul/or hydrophobic earners. 

In another mtercsimg embodiment, the carrier is a sur- 
factant or a substance having surface-active propenies. it is 
contemplated thai such substances are involved in the wet- 
ting of e.g. slightly soluble active substance and thus. 
5 contributes to improved solubility characteristics of the 
active substance. 

Examples on surfactants are gnen in the lollowmg. in 
order lo be suitable lor use as a earner, the criteria with 
respect to melting point and/or viscosity discussed herein 

0 must be fulfilled. However, the list below encompasses 
surfactants in general, because surfactants may also be 
added to the earner composition m the form of pharmaceu- 
Itcally acceptable exeiptents. 

in i process according lo the invention. Ihe carrier may be 

1 employed as such or in the form of a earner composition. A 
currier composition comprises one or more carriers option- 
ally together w ith one or more other ingredients. Thus, the 
earner composition may comprise a mixture of hydrophilic 

pharmaceutical!} i epl e cciptents. 

Sialahie excipients for use in a carrier composition i and 



lac- 



discussed a 

cli as. e.g., hydrophobic 
ctants as those disclosed in WO ( 
ipocme. Inc. Examples on suitabl 
poiyelhoxvl.ned fatty acids such 
| I slers o| poi\eth\ lene give 1 



>r hydrophilic 



vethvleil 



with 



add, ricii 

acid, and i be polyethylene auvcol may he selected from 
PEG 4. PEG 5. PEG r,. PEG 7. PEG 8. PEG 9, PEG 10. 
PEG 12. PEG 15. PEG 20. PEG 25. PEG 30. PEG 32, 
PEG 40. PEG 45. PEG 50. PEG 55. PEG 100. PEG 200, 
PEG 400. PEG MX). PEG X00. PEG 1000. PEG 2(X)0. 
PEG 31)00. PEC] 40DO. PEG 50(H), PEG 60(H). PEG 7000. 
PEG 8000. PEG 9000. PEG 1000. PEG I0.(HX). PEG 
15.000, PEG 20,000. PEG 35.000. 

ii) polyethylene glycol glycerol laity acid esters, i.e. esters 
like the above-mentioned but in the form of glyceryl 
esters of the individual tatty acids; 

mi glycerol, propylene glycol, ethylene glycol. p|-.G or 
sorbitol esters with e.g. vegetable oils like e.g. hydroge- 
nated castor oil, almond oil. palm kernel oil. castor oil. 
apricot kernel oil, olive oil. peanut oil. hydrogenated palm 
kernel oil and the like, 

iv ) poiyglycenzed fatty acids like e.g. poiyglyccrol stearate, 
polyglycerol oleate, poiyglyccrol rictnoleate, poiyglyc- 
crol linoleate. 

v) propylene glycol tarty acid esters such as. e.g. propylene 
dvcol monoianratc. propylene oivcol ricinoloaic and die 
like. 

vi) mono- and diglycerides like e.g. glyceryl monooieate. 

r 1 r i u iioic-ite. g \cervl 

cjprylale, glyceryl caprale etc.; 
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ion is normally trail] 



Mirbiun iallv .,u.i esters) mu; us esters, ui 1'1-Ci with tlie 
i inuiis muiiji.ui.tr weights indicated above, and the vari- 

ix) polyethylene- glycol alkyl ethers Midi „. e.g. PEG oleyl 

ether and I'l U lauryl ether. 
\ i sugar esters hke e.g. -.ucro.se monopalmitate and sucrose 

xi) polyethylene glycol alkyl phenols like e.g. the Triton* X 



examples in the present context are Poloxamer 105, 108. 
122, 123. 124, 181, 1X2. !83. 184, 185. 188. 212. 215. 
217.231. 234. 235. 237. ;is. 282. 284. 288. 331. 333. 334, 
335. 338. 401. 402.403 and 407; , 

xiii) sorbitan lain acid esters like the Span* series or 
\riaeel H series mic.1 as. e.g. sorbinun monoiatirale. ;or- 
bitan monopalmitate, sorbitan mouooleate. sorbitan 
niouoslearate etc.; 

xiv) lower alcohol fatty acid esters hke e.g. oleate. isopropyl » 
myristate, isopropyl palmitate etc.; 

xv) ionic surfactants including canonic, anionic and zwitte- 
rionic surfactants such as. e.g. tatty acid salts, bile salts, 
phospholipids. phe.vpli.Tic acid esters, cirbuxviates. sui- 



lu Ha.se c 



wall ic 



ayed. 



iKivv lonnuliv also apply i,« (he earner eomp.>>iu,m. cspe- 

included in the earner composition. However, when the 
i airier . iuposition is leated the carrier c imposition may be 
in the form of two or more phases (e.g. two distinct liquid 
ss i a 4 id ph i c c p i c I .clive subsi nice 

true melting point but merely a heating point where the 
earner composition becomes m a liquid form, which is 



>t* the e 



:r itself. ^ 



When 



15% w/w, from about 0.5 to about 10% w/w. or 
itnelv. when applicable as a earner or a part of the 
■ composition from about 20 to about 75% w/w such 
;. from about 25 to about 70% w/w. lrom about .30 to 



pienis ike. eg propylene gi 

,t origin including theobrom 
uls like e.g. almond oil. coi 



position is norruliv in a ranee at Irani ibout 5 to about 
100% w/w such as. e.g., from about 10 to about 99.5% w/w. 
from about 15 to about )9% w.-w. from about 15 to about 
98% w/w. from about 15 to about 97% w/w. from about 20 
to about 95% w/w such as at least about 25% w/w. at least 
about 30% w/w, at least about 35% w/w. at [east about 40% 
w/w. at least about 45% w/w. at least about 50% w/w. at least 
about 55% w/w. at least about 60% w/w. at least about 65% 
* w. at .east about 70% w w. at least .now 75 ''« w w. at least 
about 80% w/w. at least about 85% w/w. at least about 90% 
v, w. it least about 95% w.w or at leasl about 98% w/w. 

\s explained above, in a process according to Me inven- 
tion the carrier or the carrier composition is brought on 
liquid form by heating the carrier and/or the carrier compo- 
sition to a temperature, which causes the carrier and/or the 
carrier composition to melt, and the earner in liquid form 
(i.e. as a solution or a dispersion) is sprayed on the second 



tcludim, 
icarvl. I 



lolin, : 



fatty alcohols; esters including glycerol stearate. glycol 
stearate. ethyl oleate. isopropyl myristate: liquid iuteresteri- 
iied semi-synthetic glycendes including M (glycol 810/812; 
amide or fatty acid aicokanides including stearamide etiva- 
rwi. diethunolamtde of iatty coconut adds etc. 

Other additives in the earner composition may be anti- 
oxidants like e.g. ascorbic acid, ascorbyl palmitate, buty- 
lated hydro xyanisole. butylated hydroxy toluene, hypophos- 
phorous acid, inonothioglycerol. potassium inctabisulhte. 
propyl gallate. sodium fornialdenvlde sulfoxyiate, sodium 

iillite. sodiui ir dtaxt nh 

tocopherol acetate, tocopherol hemisuccinate, TPGS or 
other tocopherol derivatives, etc. The earner composition 
may liso c man i id ag ag e concentration 



As mentioned above, [lie earner or the earner composition 
in melted or liquidized form is sprayed on a second com- 
position. Thus, (he earner or the earner composition should 
have a suitable viscosity. If the viscosity is too high, the 
carrier or carrier composition will be too 'thick'* and will 
have a tendency of adhering to the nozzle, which may result 
in that the delivery through the nozzle is stopped. For the 
present purpose a viscosiiv til die earner and/ar die earner 
composition is suitably if the viscosity (Brooktield DV-III) 
is at die most about 800 mi-dis at a temperature of at the most 
KXr C. such as. e.g.. at the most 700. at the most 600. at the 
most 500 mi'as. In those cases w here the medium point of the 
carrier or the earner composition is more than about SO" ('.. 
the viscosity values mentioned above are at a temperature of 
about 4tr C above ihe melting point. 

In the particulate material obtained by a process according 
to the invention, the concentration of the carrier is from 
about 5 to about 95% w/w such as. e.g. from about 5 to about 
90% w/w. from about 5 to about 85% w/w, from about 5 to 
about 80% w.w. from about 10 to about 7p% ww. from 
about 15 to about 75% w.w. from about 20 to abut 75% w.w. 
from about 25% to about 75% w/w. tfom about 3 Wo to about 
75% w/w. from about 35% to about 75% w/w. from about 
25% to about 70% w/w, from about 30% to about 70% w/w. 
from about 35% to abut 70% w/w. lrom about 40% to about 
70% w/w. from about 45% to about 65% w/w or from about 
45% to about 60% w/w. 

In those cases where the second composition comprises a 
pharmaccutically acceptable excipient that has a relatively 
high particle density it is preferred diat the concentration of 
the earner in the particulate material obtained bv a process 
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aVmt "l 1 "" i \. 'rum .ibmii "<5"<. in abut v.' v. £rt>m about 
40% In about 70" r> vv, liroin about 45" a to about 65% v/V or 
from about 45% to about 60% v/v. 

hi ihe billowing is given a calculation example: 

Rec.nculaiioii tnnn ' n w/w to % vv lui total composition): 

Particle density ot lactose; 1.56 gicnr 3 

['article Jcnstty of calcium hydrogen phosphate anhy- 
drous: 2.X0 genr 

Particle density ut «i 6000: 1.17 g/em J 



aplio: 



It pho. 



In many cases ,t is statable to dissolve or disperse a 
llierapeuiiL'ally and or prophyljciic.illy active .mbslunce m 
the carrier or m the earner composition. Smlabie therapeu- 
tically and/or prophylactic-ally active substances are dis- 
cussed below. 

In a process according to [he invention it is not necessary 
to employ water or an aqueous medium ir.it. together vv u h a 
binder in order to build up agglomerates of a suitable size. 
I he agglomeration suitably takes place under water-free or 
substantially water- free conditions. I hus. the process is also 
very useful when active substances or other ingredients are 
employed which are susceptible to water (e.g. degradation 
under aqueous conditions). ! low ever. :f desired, water or an 
aqueous medium may of course be incorporated in ihe 
earner composition, \ I though ihe carrier composition nor- 
mally is essentially non-aqueous, water m:iv he present to a 
certain extent and then the concentration of water in ihe 
carrier composition is the most about 20% w vv water such 
as at the mast about I 5% w as. at the racist abut 10% » W. 



Many active sitbst aiccs have and it ,« expected thai many 
of the ftunre drag substances wall have midesired properties 
especially with rasped to water ,..iu'->il:t\ and to oral bio- 
availability. Therefore, a novel techrriolouy. which enables 
especially therapeutically and/or prophylaetically active 
substances to be delivered to lite body in a relatively easy 
manner and at the same nitre enables the desired titer tpeuiic 
and/or prophylactic response, is highly needed. 

invention it is contemplated that this ohjeel can be achieved 

rung results the inventor, have obtained from a s.udv m 
Beagle dogs. Accordingly, the pa-scut inventors have toiuid 
15 very promising results with respect to bioavailability when 
a process accenting to the invention is employed tor the 
preparation of particulate material containing an active 
substance with a very low aqueous -oluhdiiy. thus, a 
process according to the invention is especially suitable tor 
-" use for the preparation of particulate material comprising an 
active substance that lias an aqueous solubility at 25" C. and 
pH of 7.4 of at the most about .1 mg ml such as, e.g.. at the 
most about 2 mgunl. at the most about 1 mg/ml. at the most 
^ about 750 ug/ml. at the must about 500 ug/ml, at the most 

about 20 ug/ml or al the most about 10 ag/ml. In specific 
embodiments the solubility of the active substance may be 
much lower such as, e.g.. al the most about 1 ug/ml. at the 
most about 100 ug/ml, at the most about 75 ug/ml such as 
about 50 ug/ml. 

As mentioned above a process according to the invention 
may advantageously be carried out without employment of 
35 water or an aqueous medium. Thus, the process is especially 
suitable for use for active substances that are degraded, 
decomposer! or i thcrwise inlluenced by water 



amples 



itabie 



cord in 



it the a 



1 herapeutie.il ly and. 'or l'rophylacticaily Active Substances 
In a preferred cmbediment of the invention the particulate 
material obtained by a process according to the invention 
comprises a therapeutically and or prophylaetically active 
substance. The particulate matter may aiso or alternatively 
comprise a cosmetically active substance (i.e. a substance 
that is employed in cosmetic compositions:. In a process 
according to ttie invention the active substance may be 
included m the carrier composition and/or in the second 

in the present context a iherapeulically reader prophylae- 
tically active substance includes any biologically anchor 
physiologically active substance that has a function on an 

includes drag substances, hormones, genes or gene 
sequences, nnligcii-cempnsmg material, proteins, peptides, 
nutrients like e.g. vitamins, minerals, lipids and carbohy- 
drates and mixtures thereof. Thus, the term includes sub- 
stances that have utility in the ircatine.nl und er preventing of 
diseases or disorders ilfectmg animals or humans, or in the 
regulation of any animal or human physiological condition. 
The term also includes any biologically active substance 
which, when administered in an effective amount, has an 



as well as more slightly onus, luble active substances. Thus, 

antibacterial substances, intiln.sianinie.s and decongestants. 

, ami-inflammatory agents, antiparasitics, antivirals. local 
anesthetics, antifungals, umoenieidals or lrichomouocid.il 
agents, analgesics antianxiety agents, .unit-lotting agents, 
aniinnhntics. antiasthmatics autiarthntic. anticoagulants, 
anticonvulsants, antidepressants, antidiabetics, antiglau- 
coma agents antimalarials, antimicrobials, antineoplastics, 
antiobesity agents, antipsychotics, antihypertensives, anti- 
tussives, auto-immune disorder agents, anti-impotence 
agents, ami- Parkinsonism agents. unti-Al/hoimers' agents, 
antipyretics, anticholinergics, anti-ulcer agents, anorexic, 
beta-blockers, beia-2 agonists, beta agonists, blood glucose - 
iowenng agents, bronehodilators. agents with effect on the 
central nervous system, cardiovascular agents, cognitive 
enhancers, contraceptives, cholesterol-reducing agents, 
cytostatics, diuretics, germicidals, H-2 blockers, hormonal 

i agents, hypnotic agents, inotropics, muscle relaxants, 
muscle contractunt.s. physic cnergi./ers. sedctives. sympatho- 
mimetics, vasodilators, vasoconstrictors, tranquilizers, elec- 
trolyte supplements, vitamins, counterirritants. stimulants, 
anti-hormones, drug antagonists, apid-regulating agents, 
uricosurics, cardiac glycosides, expectorants, purgatives, 
contrast materials, radiopharmaceuticals, imaging agents, 
peptides, enzymes growth factors, etc. 
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locnplme. hpe- I'eptnio like e.g. «rt«vth rcicuMiiK factors 

growth lactnrs u\g »-t>!.le:m,il growm l.icuir if til - >. icrvi 
triptyline.pritip- growth factor tNGF). TOP. WXiF. insulin gnmih liictn 
(IGF), fibroblast growth :<ieu>r git'OF. UFtiF eic.i. «ma 



topepl 



•. lutein 



, 1L-: 



Vuiiiiitga; iiicrJi like j. a ,vici.iki/i I. ket.ianuix. Ic. clo- 
:nireiA>le. nnphoUTii'in U. nystatin, iiiepynimin. cv«m.izi>l 
ihicona/ol. ducv tucine. gn-cidiilvin. lnlonaAile. .ion roinio, 
myciMuttn. ilrwonj/ole. terbeiiataie. .erc>.ii»/nle. lolnaftutc 

AiitiiiiM.ji.bu! ,ijicr.u like c u. .iicin-mdaA-lc. tetracy- 
clines, oxyteinicy. lines, peine, ihris e;c 

.ulienu 'las like i'i meiiicte.pramide. Impended, linlo- 
pendo). promethazine etc. X) 

Antihistamines like e g. chlorpheniramine, terlonadme. 
triprolidine etc. 

Antimigraine agents like e g. dihydroergotannne. cruota- 
mme. pi/olylline etc. 

Coronary, cerebral or peripheral vasodilators like e.g. is 
nifedipine, dtltinzem etc. 

Antianginals such as. e.g., glyceryl nitrate, isosorbide 
dinitra'.e. molsidomine, vempain;. etc. 

Calcium channel blockers like e g. verapamil, nifedipine, 



Hormonal agents like e g. estradiol estnm. es.nui. poly- Buprenorpb 
estradiol, polyestriol. dienestrol. diothylstilhostroi. pro just- rMhunaz 
erone, dihydroprogesterone, cyprosterone, datui/ul. test- carh.iopj*' 
osterone etc. Ccforajume 

Contraceptive agents like e.g. ethinyl estradiol, lymslre- •< 1 -r " VV:: 
nol. etynodiol, norethisterone, mestranol, norgestrel. J *" , ^' v ™ 
levonorgesirel. des.odes.rel. nirahxixypr-'gesieroiie etc. Cisapride 

\nlithrotnbolic agents like e g. nepann. »,ir!;inn etc spi.u n 

Diuretics like e.g. hydrochlorothiazide, ilunarizinc, ' tarniiramy 
minoxidil etc. 40 "^f^T 

Antihypertensive agents like e.g. pivpanelui. mctoprolol. « [: 
cloindino. pindolol etc. 

( otticostcroids like e.g. becinmclhasnne. betamethasone, 
beuimethasone- 1 7-valerate. aetamethasone-dipropionate, 
clobetasol, elohetnsol-l 7-bmynne. eli ihctasol-pmpionate. 4 
desonide. ilesoxymetliasone. dexamothasone. dillucor- 
lolone. llumethasone. lliimetnasone-pivaite. tlunctiinlnne 
acetonide, iluocinoide. hydrocortisone, hydrocortisone-17- 
nutyrate. liydroconisor.ebiiieprate. melhylprcdnisolor.e. tri- 
aiucinoloiie acelomde. Iiaeinor.ide. lluprednide acetate, alk s 
lometasone-dipnipionate. thioconolone. dutienson- 
prnpionte. momctasniieduraie. desoxymeihnsi me 
dithirasoii-diacctate. haiquinol. t :.ochinol. chlorehiiuiJiM. 
lluociiiiilone-aeeiomde etc. 

Dcrmatological agents ake e.g. nitroturantoin, dithranol, < 
cliocminol, hydroxvquinobne. isotretionin. methoxsaien, 
methotrexate, tretiontn. .noxalen. salicylic add. penicil- 
lamine etc. Rimsemirte 

Steroids like e.g. estradiol, progesterone, noreihindrone. Glipizide 
ievonongestrel. ethynodiol, levonorgestrol, norgestimate, 60 
gestamn. desogesirel, Vketon ■desogesterel. demegeslone, .... wr s Hl , 
promethoestrol, testosterone, spironolactone and esters Isotretinoin 

Nitro compounds like e.g. amyl nitrates, nitroglycerine 1^™^, 

and isosorbide nitrate etc. 65 Ktrraprofcn 

Opioids like e.g. morphine, buprenorphine. oxymor- Umatrigux 
phone, hydromorphone, codeine, tramadol etc. 



Ilixnilropin lelea.Mng hor 

ing hormone ,1 ll-KH). enrtieotrt.pl, m ,-eleusing hormone; 
growth hormone releasing ii.fiiiene ttiilRH). oxytodin, 
erythropoietin fKH)). eolonv stimiilaiimz tactor (CSF) etc. 
1.1. cresting examples mi aei no substances that are shehtiv 
« soluble, sparingly soluble >r insoluble n water are given m 
the following tables: 



1AB1 1 



+ liracH 
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The amount nf active ;.uh»i:iniv incorporate in a panicu- 
late material (and/or m a pharmaceutical, cosmetic or loud 

couipositioni may he .elected according t.. known principles 

of pharmaceutical toriiniintion. In general, ihe dosage ut the 
- h:11vi; substance prewnt in a particulate in Mortal according 
t<> invention depends inter alia on Ihe specific drug 
substance, the age and eondition of the patient and of the 

V particaime material ,civrchn»i u> the invention nuv 
10 comprise a cosmetically' active ingredient ancLor a tood 
ingredient. Specific examples include vitamins, mineral-., 
vegetable oils. Iivdroaenated vegetable oils etc 



sprayed on a second composition. In order 10 be able to 
achieve a high am. 11m , 1 carrier m ihe trial paniculate 

the particles comprised in the second composition, the 
present inventors Pave surprisingly found that III specific 
embodiments, ihe second composition should initially have 
a temperature which is at least about ill' ('. yaca as. e.jt.. at 
least about 15 ' (".. at least about 20" ( '.. at least about 25" 
(' . or at least about W ( below tile melting point ol the 
. earner or earner composition (or. as discussed above, the 
healing point of the carrier composition). However, as 
mentioned above, a temperature difference of at least about 
10° C. it is not always necessary, thus, '.he second compo- 
sition may have a enipcrature 01 at the most a temperature 
corresponding to- the melting point ol the 2 C '.. al ieast about 

normally employed during the process of the invention, but 
in some cases it may be advantageous to employ a cooling 



.' 00 * . ol. >r...s, .o:S " -A 0 a. .;..is,; I v 
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.wever. the t. 



llCatlllg ,11 



c most about 20" ('. below the melting 
•r the earlier composition. Accordingly, 
cation can be earned out without any 
i composition, i.e. it can he carried out : 
.a .unbiciil or roi.ni loiper.iliire (i.e. normally ill a range (if 

In contrast therein, known alell granulation methods 
uiu'hc external heating of the material 'hat is to be granu- 
lated i.ir agglomerated) together wnh a met; binder 

The second composition comprises ph.ormaceuticjiiy and 
or cosmetically acceptable excipients and. furthermore, a 
therapeutically and or prophylactieally active substance may 
be present, m the second composition. 



tier. 



cally a. 



> "pilar, 



ice.nicaiiyu 
hie excipiei 



sept- 



does not have any therapeutic moor 
prophylactic ctldct per sc. Such an cxcipicnt may be added 
with the purpose ,,( making ii possible to obtain a pharma- 
ceutical aiid'or cosmetic composition, which lias acceptable 
technical properties. 

Examples on suitable excipients for use in a second 
composition include liiiers. diluents, dismtegrants, binders, . 
lubricants etc. or mixture thereof. As the particulate material 
obtained by a process according to the invention may he 
used lor .lillercnt purposes, he choice of excipients is 
normally made taken such different uses into considerations. 
Other pharmaceutieally acceptable excipients for use in a 
second composition (aiid'or in the carrier composition) are 
e.g. acidifying agents, alkah/ing agents preservatives, anti- 
oxidants, buffering agents, chelating agents, coloring agents, 
completing agents, emulsi tying .aid er solubili/jng agents, 
flavors and perfumes, hcmeciants. sweetening agents, wet- 
ting agents etc. 

Examples on suitable libers, diluents and or binders 
include lactose leg. spray-dried lactose, ti-laclose. Mac- 
lose. I'abletoseR. various grades of I'hamiutoseR . Micrti- 
loseR or luist-ElocK,), micmcrystalline cellulose (various . 
grades of AvicelR. ElcemaR, VivncolR:, Ming Tails or 
Solkn-ElocR), liydroxyprnpylcelhilo.se. I -hydmxypropyl- 
eellulose flow substituted), hvdroxypropyl methylcellulose 
illl'MO (e.g. Methocei K. F and K, Meloio'se SH of 
Slun-Htsu. Ltd. sucn as. e.g. the 4, (XX) eps grades of Metho- . 
eel 1, and Vlelolose 0(1 SI I. the 4.IHX) eps grades ot Methocei 
V and Metolose 65 SH. the 4.000. 15,000 and 100.000 ens 
grades of Methocei K: and the 4.000. 15.000. Vi.aH) , m d 
100.000 grades of Metolose W SI1). methylcellulose poly- 
mers (such as, e.g., Methocei A. Methocei A4C, Methocei . 
V15C Methocei A4M). hydnixyethyicellulose. sodium car- 
boxyniethy (cellulose, carboxy methylene. carboxymelhyihy- 
droxyethylcellulo.se and other cellulose derivatives, sucrose, 
agarose, sorbitol tiianmtol. dextnns. mahodcxtrins. starches 
or modified starches including potato starch, maize starch , 
and nee starch 1 , calcium phosphate i e.g. basic calcium 
phosphate, calcium hydrogen phosphate, dicalcium phos- 
phate hydrate), calcium sulfate, calcium carbonate, sodium 

Specdic examples ot' diluents are e.g. calcium carbonate. 



e a Prima gel K and . xplotab K I etc. 

Specific examples ot binders are e.g. acacia, alumic acid, 
agar, calcium carrageenan. sodium cut oxMiielin Icellnlose. 
nacmcrystallme cellulose, dextrin, ethvlceihilose, gelatin, 
hqind glucose, guar gum, hydroxvpropvl nieihykellulo.se. 
methylcellulose. pectin, PEG. povidone, pregelatinized 
starch etc. 

Glidants and lubricants may also be included in the 
second composition, bxamples include stearic acid, magne- 
sium slearale. calcium slearale or other metallic siearate. 
'.lie. Waxes .aid glycendes. light mineral oil. PEG. glyceryl 
hchenute. colloidal silica, livdrogeuatcsa 1 vegetable oils, corn 
starch, soda, m siearvl luniarate. poi\ eta> ter.e glveols. alky 1 
sulfates, sodium ben/oate, sodium acetate etc. 

liber excipients which may be included in the second 
composition tand'or in the earner composition) are e.g. 
colouring agents, lasle-mnsking agents. pH-adj listing 
agents, solubilizing agents, stabilising agents, welting 
agents, surface active agents. antioxidants, .agents for modi- 
tied release etc. 

In certain cases it may be advantageously lo incorporate 
a iiiaenesiiiiu aiiimmomeiasilieate in the particulate mate- 
rial. It may be a pan of the second composition or it may be 
added subsequently m order to facilitate a timber processing 
of the particulate material (e.g. to prepare solid dosage forms 
like capsules or tablet). Magnesium ahiminometasilicate is 
sold under the name Neusilin and is obtainable from Fuji 
Chemical Industries. Neusihn a, normally used in order lo 
improve filling capacity and compression property of pow- 
ders and granules when added. Neusilin is also believed to 
reduce weight variation and to improve hardness and disin- 
tegration of tablets. Finally. Neusihn has an adsorption 
capability, which makes it suitable lor use when processing 
waxy materials like oil cxlneis and waxes into pharmaceu- 
tical composition. Especially Neusilin Ui-'l 2 and 1JS2 are 
said to be suitable tor such a use. 

Mills, in one aspect the invention relates lo a process, 
wherein the second composition comprises magnesium alu- 
iiiinosiiicate andor magnesium abimmometasiheate such 
as. e.g. Neusihn St. Neusilin 1 112. Neusilin US2. Neusilin 
UFL2 or the like. Other suitable substances are contem- 
plated to be Sentomte. kaolin, magnesium tnsihcate. mom- 
morillonite andor saponite. In a still further embodiment, 
the second composition compnses magnesium aluminosiii- 
cate and/or magnesium ahiminometasilicate such as, e.g. 
Neusilin, and the particulate material obtained lias an con- 
lent of carrier of at least about 30% w such as. e.g, at least 
about 40% v/v, at Yeast about 50% v/v. at least about 60% 
v/v, at least ahout 70% v/v. at ieasl about 75", v v. at least 
about 80% v/v. at least about K5% v'v or at least about "0% 



Besides the known use ol 
have found that specific q 
nometasilicate (Neusilin) 
glidants or anti-adhesive n 



X the pre 



tabletting machine. In the examples herein is given a com- 
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the gglont, 



ising and novel candidate a 



ol r! 



xer r il ill lit) i. i i' p. r . 

earner or the aimer coir.p. sitton 
owpi notion, which is haded tutu 
■Joimully, the -jrncr or the cm icr 
i temperature above ihc inciting 
'In- uimiT a ntpnsitii . :) ami I lit- 



temperature. 

A process according to the inveiitio.i may 
in a fluid bed. In such cases ihc second c 
ni.nnaliv kept in a findi/ed state hv incoming 
temperature i he earner or earner eompositioi 
the :liudi/.ed >ccond ci mposition and in ord 
carrier or earner composition on a liquid ti 
) avoid any clotting ol itw spraying device, 
device i, kepi .a a uiilnb.e temperature nbov 



impos 



.ling ..Hi 



. The difi 

.lakes the earner wiid:iy rapidly winch id turn leads 
eoiitrolled juimih ol 'he particle ,i/e. 'thus, the it 
have U.i m J thai be cmpluym,! -itch conditions it is possible 
to control the agglomeration process so that 'he growth in 

in the present .-oulexl. .he term 'controlled agglomera- 

sition (see FIG. 1). Controlled agglomeration is also present 
if a d^ of < or -=500 urn is obtained when a carrier 
composition contauiiitg 20" t. earner has been added to a 
second composition. 

the possibility efcoiiin limn the agglomeration makes a 
possible to obtain a particulate material that has a very high •„> 
load of carner(s) much higher than described when con- 
ventional methods like e.g melt granulation is employed. Vs 
discussed above, a high load ol Lamer has damn to be oi 
importance especially when particulate material is prepared 
containing a slightly water-soiuhie. sparingly water soluble , s 
or insoluble active substances. KIG. 2 is a theoretically 
calculated curve showing the relationship between obtain- 
able dose and drag solubility m a earner composition at 
different carrier concentrations in the paniculate material 
assuming a total composition weight of 500 rag. It is seen 40 
that the dose can be increased by a factor of about 3.5 by 
increasing the concentration of carrier from 20% to 70%. By 
conventional melt granulation, i.e. a process by which 
heating ol' a melt binder and exctptents is pertenned. nor- 
mally a load of ;ii the most about 1 5% w w of the melt binder 
is obtained (calculated on the final eiaiiposiiion). Another 
granulation method, which makes use of the same tempera- 
ture of the binder and the material to be granulated, is a 
conventional granulation process, which is performed either 
sy a wet or a dry granulation process. J0 

A Sl-'M micrograph in f'.G 3 shows a particulate material 
prepared by a process according to the present invention. 
1TG oOOO is used as a earner and lactose is used as the 
second composition. The ligure shows tiiai the primary 
particles of lactose are agglomerated by immersion ,n the „ 
droplets ol PRO id/00 or by coalescence between larger 
agglomerates, ['he agglomerates are partly coated wdth PUG 
6000. The probability of agglomerate growth by coalescence 
is reduced by rapidlv .solidifying ld-.i: due to the product 
temperature being kept at a minimum of 10° C. below the eo 
melting point of PHG. 

In contrast thereto, uncontr hi id igg i incration is shown 
in a SUM micrograph ai '"It i. 4. Hie particulate material is 
prepared according to Kxample 2 herein (uncontrolled 
agglomeration) using PEG 6000 as carrier and lactose as 65 
excipients. '.'he figure diows that the particulate material has 
larger agglomerates with surplus of liquefied PEG at the 
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' he particulate material obtained hv a process of the 
invention has a geometric weight mean diameter d of §10 
pan such as. e.g. 220 urn. imm aix-ut 20 u» about 2000, from 
about i<) to about 2(X)0. from about 50 to about 2000, from 
about Ml to about 2tXK). from about 75 to about 2000 such 
as. e.g. from about 100 to about 1500 gm. from about 100 
to about 1000 tun or from about 100 to about 700 urn. In 
specific embodiments the geometric weight mean diameter 
d^ u , is at 'die must about 41)0 mn or at the most 300 urn such 
as. e.g.. from about 50 to about 4f)0 um such as, e.g., from 
about 50 to about 350pm, from about 50 to uhout 300 um. 
from about 50 to about 250 um or Imm about 100 to about 
MOO um. 

Particulate Material — Characteristics 

Mam characteristics ol the paniculate material obtained 
by a process according to the invention have already been 
discussed. In summary, a particulate material has good 
tahletting properties including good tlowability and com- 
pactabiliry. It has no or minimal adherence to the tab letting 
equipment either in itself or alter addition of the normal 
amount of lubricants. It is an excellent alternative for 
incorporation of active substances with very low water 
solubility and/or with a very low bioavailability, or active 



and tablets are often pre 
a tablet formulation is s 
requirements, e.g. witb 
substance, size etc. 

The paniculate mat 
examples) with a film ci 
release coating, a prolee 



/ithoti 



irted cut 
af the 11 



ner and cheaper to product 
y the patient, f urthermore 



tng et 



1 anti-adhesive ci 



liable , 



aterials are e.g. mefhylcellulose, 
hydroxypropylmethylceliulose, hydroxypropylcellulose. 
acrylic polymers, etiiylceliu lose, cellulose acetate plithaUe. 
polyvinyl acetate phtlinlate. hvdnixvpropyi inelhy Iceliulose 
plithalate. po'tvv lnylaicohol. sodium curboxvmediylccllu- 
lose. cellulose acetate, cellulose acetate plithalate. gelatin, 
methacrylic acid copolymer, polyethylene glycol, shellac, 
sucrose, titanium diox.de. carnauba wax. niicrocrystall.ne 

ITasUei/ers and other ingredients may be added in the 
coating material. The same or different active substance may 
also be added in the coating material. 



processed to 'he manufacture of a pharmaceutical and/or a 



y icceptuble t 

.-.l'lpl .\ol ;'. 
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t the 



invention is is.pwi.ilt> u.it.ihie for further processing ink' 
..-.blew. I he material possesses .uit.ibic p "openies :'..r niMet- 
! my. puipu-.es. cf. beknv. hut in vine cases, i! ui.iv be suitable 
a> liinlier therapeutically .a:,) ,, r pr .pin tactically .teiive 
substances and/or exetpieuls to liie paniculate materia) 
before the manufacture uf tablet*. Tor examples, by Using a 
mixture of i) an active suhsianee contained in modified 
. cleave v.Nile.l granules ..r granules ai tile I. nan of modified 
release matrices and n| an active substance in freely acces- 
sible form, a suitable release jiatleracan be designed in order 
o obtain a relatively last release of an active substance 
followed by a modified fi e often prolonged) a»lease of ihe 
Mane or a duferent active substance. 

As appears troni the above, a particulate materia) obtained 
by a process of the invention is suitable for use in the 
manufacture of lablets obtained by direct compression. 
Furthermore, the particulate material may in itself he 
employed as a binding agent for use in dry granulation 
processes. 

\ particulate material obtained by a process accoK.au In 
he invention may bo employed in any kind . f pharmaceu- 
tical compositions in which the use of a solid particulate 
material is applicable, finis, relevant pharmaceutical com- 
positions are e.g -..hid. seiin-sohd. Iliad or liquid composi- 
tion or compositions in the form of a spray. Hie particulate 
material may also be incorporated in a mi table drug delivery- 
device such as, e.ji. i transdermal piaster, a device lor 
vaginal use or an nap. ant 

Solid compositions include powders, and compositions ill 
dosage unit form such as. e.g. tablets, capsules, sachets, 
plasters, powders far injection etc. 

Semi-solid compositions include compositions like oint- 



Accordingly. the invention also relates to any pharmaceu- 
tical composition comprising a particulate material obtain- 
able by a process of lite invention. 
Other Aspects of the Invention 

Hie invention also relates to a pharmaceutical particulate 
material obtained by mixing a first and a second composition 
as defined herein and healing to a temperature lhat is below 
the melting point at' a earner contained in the first compo- 
sition. The heating mav be applied while mixing or in a 
separate step. The particulate material generally has a geo- i 
metric w eight mean diameter d SH . of 510 urn such as, e.g. 
S20 am. from about 20 to about 2000. from about 30 to 
about 2000, from about 50 to about 2000. from about 60 to 
about 2000. from about 75 to about 2000 such as, e.g. from 
about 100 to about 1500 urn, from about 100 to about 1000 ( 
mn or from about 100 to about 700 urn, oral the most about 
400 um or at the most 300 urn such as, e.g., from about 50 



vales, i he! and die ::kc. a may n. s uhcic it properties 
with respect to flow-ability and or aim-adhesion so that 
i addition of e.g. a lubricant can be omitted when preparing a 
solid dosage tonn. especially if it comprises magnesium 
ahaimiesihc.i'.e and/or magnesium ihaninumetusilieule 

In a further aspect, the invention relates to the use of 
ii..ieiiesiain dumiRvsiiieate aud'or magnesium allimi- 

All details described herein tor the main aspect of the 
invention apply mutatis nmtanai to any other aspect of the 
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FIG. 1 shows the correlation between amount of PEG 
M'KX) sprayed onto lactose 125 mesh and mean granule size 
• geometric weight mean diameter) lor a product temperature 
of 40-45° C. and 50-60 0 C, respectively, 'liie dashed line 
indicates uncontrolled agglomeration at a I'M, concentra- 
tion of approx. 25% at a product temperature of 50- 60° C. 
I he prixJucts are unscreened. 

1-*IG. 2 shows the relationship between untamable .li.se 
and drug solubility in a carrier at different concentrations of 
earner assuming a formulation unit weight of 500 mg. 

FIG. 3 is a SUM micrograph of PRC) sprayed onto lactose 
125 mesh: the PEG concentration is 48% w/w. Magnifica- 

f'Ki 4 is a Sf.M micrograph ol Ida • sprayed , nto lactose 
125 mesh: the PEG concentration is 25% w/w. Magnifica- 
lionx45. 

I'lG. 5 shows results irom Example 4. 

El CI 6 shows mean serum concentrations vs. lane profiles 
after p.o. administration of the model drug substance from 
xample 5 (30 mg) in six di Herein formulations to llengle 
dogs. Treatment A: 0.5% UPC (aq.). Treatment B: 5% 
C aptisol Jt Eiq.j. Treatment C: Model dnig substance from 
Example 5-'SI S '2 1). Treatment I): Model drug mbstaiiee 
from Example 5/SI.S (1:1), Treatment E: Tween SO. Kolli- 
den V V.4. corn starch and lactose. I reatment 1-': AkosolU 
3103. 

FIG. 7 shows the plasma concentration versus time curves 
for formulation A. II, (' described in Example 6 after oral 
administration to dogs. 

E.G. X illustrates determination of a meitmg point by a 
DSC curve. 

The invention is further illustrated in the following 
examples. 

Methods 



' Ictcrmmatioa of Weight Variation 

n were subject 

to a test for weight variation performed in accordance with 
Ph. Eur: 

Determination of Werage Tablet Hardness 

The tablets prepared in the Examples herein were subject 
to at test for tablet hardness employing Schleuniger Model 
6D apparatus ami pcrturmcu. in accordance with the general 
" r die apparatus. 
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opening of 0.8 mm 
Granular Composit 



-omAeromatic-Fielder) mounted with 
top-spmy binary nozzle .was in 



: ilel 



dispers 



distribution. 



•he ev|m\ .ilem >phcru.ul diameter. . lis .us- 
1 :o ;i lug iu_irm.il lonime-size distribution, 
uorcin. "geometric wendit mean ammeter" 
n diameter ol she log si»nnal volume-size . 



Determination of Aqueous Solubility 

i h c aqueous solalr.htv a 2<- C in dislil.ed ,.r purified 
water was determined by •.usoeuduig a .soil-delnicd ami 
excessive unouilt il the substance under investigation m a 
well-delmed amoanl of distilled >r punlied water. The 
dispersion is stirred am) samples are withdrawn alter suit- 
able time periods, '.'he samples are liitered and the filtrate 
analysed to obtain the et.rxemr.uinu of the substance in the 
sample. The concentration of the substance in the sample is - 
ihen calculated according to methods well known for a 
person skilled in iae art 1 he soiiibiniy is readied w hen Tie 

are considered identical. 



ess i oiidilions I Jeseription 

aclo.se .or lor coniposiliou 1.2 calcium hydrogen phos- 
e anhydrous) was fluidised at appropriate inlet .airflow, 
inlet air wa.s not heated, IT id SOW) w as melted using an 
IriL.nlv healed pressure lank ilic leniperalnre w,.s kepi 



la.s e.lipl...' 



sphaU 



t phiirmaceu 
' s A): 



1: FMC 

Magnesium steanite: Magnesia GmbH 
Polyethylene glycol: Hoechst 
1 actose: OMV 

Other materials empieyed appear from the following 



I 'reparation at I'abieis t oiuainmg a Particulate 
Material According to the Invention 

The example illustrates Ihe preparation of a paniculate 
material comprising a relatively large amount of a carrier. 
Ihe particulate material obtained exhibits good llowabihty, 
good compactahiliiv and possesses excellent tabierting prop- a 
erties 1'hus, :he particulate maienai allow the preparation of 
e.g. tablets and in spite of the relatively large load of earner 
the tablets display hiimniai. n any. adherence (sticking: to 
tablet punches and/or lies during compression. Further- 
more, the tablets obtained have acceptable properties with ■• 
respect to disintegration, weight variation and hardness. 

Starting Materials 

i .actose monohydrate (OMV) 125 mesh 

Calcium hydrogen phosphate anhydrous iDi-Ca-Fos P) ,s 

Polyethylene glycol 6000 (PEG 6000) having a melting 

pomt of about 60° C. 



nozzle through a heated tube. In the rube, the temperature 
^ was kept at SO" C. The pressure in the tank determined the 
flow rate of the melt. The nozzle was healed to keep the 
droplets "i a iiqueticd stage by means ot healing the atom- 
izer air delivered through the top spray nozzle, 
o Settings 

Inlet airflow: 10 50 m' per hour 

Inlet air temperature: Ambient temperature .20 25" C.) 
Tank temperature: 85° C. 

Tank pressure: 1 .5 Bar corresponding to a flow rate of 
5 14-15 g/min 

Tube temperature: SO" C. 
Atomising air temperature: 
Process time: ~" 
Product temp 
o minutes) 



100° C. 

equilibrium: 40" C. (alter 15 



Product Characteristics 

The products I composition 1.1 and 1.2) appear a: 
flowing granular products with a mean granule si 
appro*. 300 500 um. 

lublerting 
Compositions 



l,S ".217,431 B2 



22 



i.ihlcl machine- Single punch machine is.rr.cli 1 KO 

Tablet 'a eight: 250 tug 

Weight variation. RSD <1% 

Average tablet hardness: 96 N 

\verage disintegration time: 10 min 

lablei appearance: White glossy tablets 

lab let formulation . based on composition 1.2. i.e. with 
dicalcium phosphate 

l.iblet punch: Compound cup, 10 mm in diameter 

Tablet machine. Single punch machine Korsch EKO " 

lab let weight: 450 mg 

Weight variation, RSD <1% 

Average tablet hardness: |21 N 

Average disintegration time: 17 min 

I'.hlet ippearanee. White gi.ivsv tablets 

Tablet t'ormulaticin II based on composition 1 I. i.e. with 
lactose 

Tablet punch: Compound ctip. 10 mm i:t diameter 

Tablet machine: Single punch machine Koioch I S.0 
Tablet weight: 250 mg 
Weight variation. RSI) <1% 

\verage lablei hardness i 2 N 
Average disintegration lime: 8 mhl 

lablei appearance: White glossy tablets 

Huts, addition ot a disiutegr.mt results in a decrease in the 
average disintegration tune without any other changes of 

lablet iormiiialic.il 11 based on coniposition 1.2. i e. with 
calcium hydrogen phosphate 

Tablet punch: i mnpound cup. 10 nun in diameter 

'ablet machine: Single punch machine Korseh I KO 
Tablet weight: 450 mg 

Weight variation. RSD < 1% s 

Average tabic: hardness: US N 

\\ernge disintegration tune: >> nun 

[ablet appearance; White glossy tablet* 

When calcium dihydrog.cn phosphate anhydrous is 
employed a more pronounced decrease in disintegration 
time is observed compared with that ot lactose, die average 
tablet hardness is inai.mnr.ed a! an excellent level 

Example 2 

Controlled Agglomeration Proof of Concept 
Method 

Controlled agglomeration w obtained by keeping the - 
product temperature at minimum 10° C. below melting point 
of the carrier reducing the probability of aggloi 



to coalescence. ( onirolled .agglomeration is characterised bv 
gradual increase in mean grannie size (geomeinc weight 
mean aiameter .f„ i as hmclion ot applied amount of carrier. 
In contrast, uncontrolled agglomeration shows rapidly 
increasing granule size. As a proof of concept the granule 
.-.rowih pattern .ire compared corresponding to the lollowing 
conditions: 

Inlet fluidising air temperature of ambient temperature: 
) 20-25° C. 

Inlet lliiidisiug air iemperature ot ss ( leading to a 
temperature of the product of about 50 60° C, 

Siartmg Materials 



I lunj bed Ssrea- i mounted w uli a Kip-spray hmary mv/10. 
tiranular Compositions 



Tneess Conditions 
The eondilioiis we 



is desenbed in I Aample 



Sellings (Controlled Agglomeration) 
Inlet airflow: 30-50 m J per hour 

Inlet air temperature: \mbient temperature (20 25" C.t 
Tank temperature: 90" C. 

Tank pressure: 1.5 Bar corresponding to a flow rate of 
14-15 g'min 
Tube temperature: 85° C. 
Atomizer air temperature: 100" C. 
Pnxiuct temperature at equilibrium: 40 :> C. 

Settings (Uncontrolled Agglomeration) 
Inlet airflow: 30-50 m 3 per hour 
Inlet air temperature: S5" C. 
Tank temperature: l K>° C. 

Tank pressure: 1 .5 Bar corresponding to a flow rate of 
14-15 g'min 

lube temperature: 85° C. 

Atomizer air temperature: 100° C. 

Product temperature at equilibrium: 55-65° C. 
Product Characteristics 

Increasing amounts of PFG were sprayed onto the mil- 
dised lactose particles and the panicle size distribution of the 
products was analysed bv method ot laser diffraction, dis- 
persing the agglomerates in air. The correlation between 
mean granule size (geometric weight mean diameter d ,„ ) 
and applied amount of earner demons!! 
between controlled and uncontrolled agglon 
shown in FIG. 1 andTable I. Table 1 includes the geometi 
standard deviation related to the wideness of tae si 
distribution. 
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FABLE i 



Paracetamol and 11 Ci 6000 .ire employed in the form of 
the granular product i.btameJ >» described above. 
' Avieel PH is Mended with the granular product tor - 
minutes in I'urhnla mixer and after adding magnesium 
stearate for ftirther 0.5 m.mres. Uicel PH20O microcrvs- 
talline cellulose i is supplied by \U :<ollidon CL by BASF 
and magnesium stearate by Magnesia GmbH. 



a of IM-Xi h'M) hy melt spraying, i.e. spray- 

I ned vn;lie> cat l!.mabiiil> id la 
ancleristies. in order to obtain tabiets with 
satisfactory disintegration time Av ieel PH 200 and Kollidon 
CL (super-disintegrant) has been added to the product 

Starting Materials 

Polyethyieaeglyrol 6000 (Hoechst) 
Paracetamol (Uaikem) 

Equipment 

Fluid bed Sirea-I ( Aeromatic-Fielder) 
Process Conditions 

300 g PEG 6000 was melted by heating to 90° C in a 
pressure tank. The melted carrier was pumped through a 
heated tube (85° C) to the binary nozzle in the fluid bed at 
a tank pressure of 1.5 Bar. Ihe aiomi/mg air was heated to 
140 C. Hie inlet :ur temperature of tlie fluid hed was 25" C 

241 p, ■>! l'Rr was sprayed on 250 lluidi/ed paracetamol 
at a flow rate of 17 g/min. Ihe total yield was 491 g 
granulate with a composition corresponding to 4').1% ww 5 
i'KC; 6000 and 50. « w w paracetamol. The maximum 
product icir.pcraiure was Mi ' C. at the end of t!ie process. 

Product Characteristics 

The median particle si/e on volume basis is 85 tun lor * 
paracetamol was lacreased to 295 urn during the controlled 
agglomeration process. Use median panicle si/e was deter- 
mined by laser diffraction 1 1 lelos) dispersing the panicles in 



ihe i 



* and 



iblet Characteristics 
■tting was pcrtormeiiou a single punch lahk-tling 



machine Korseh EK0 
Tablet shape 8 mm doomed shape 

3 Weight: 200 mg 
Strength 87 mg 

Mean tablet hardness in 10) determined on a Schle- 
ainnger Model 61) ippamtns was V7 N 

Friability was 0.2"'o determined at a Roche Inabililator 

4 Mean disintegration time was 11 minutes i Ph. Fur! 
Weight variation in 20! corresponded to RSD of 0,6% 
in conclusion, 'he unlets obtained front the granulate 

prepared by .he controlled agglomeration method of the 

1 c men r it n .it rihlemiiu i cut v a atm ir or t 
ensure a suitable tabletting process. Furthermore, the 
example deimm->tn.ie> that a is possible to obtain a granulate 
that has a relatively high concentration of carrier (about 50% 
w/w) and at the same lime has a suitable panicle size for 

' further processing. 



Fxample 4 

In Vivo Bioavailability ill Dogs After 
Administration at' tablets Containing, a i'artict; late 
Material Obtained by the Controlled Agglomeration 
Method ot tF.e Present Invention Proof ui Concept 

The present example illustrates that a composition con 
taining a particulate material obtained according to tin 
present invention leads to improved bioavailability after era 
administration In dogs compared with compositions raadi 
by lec'nmques that are generally accepted as useful when at 
.-affability is desired. In ihe present exampli 



o.npe, 



, in the 1 



'I Tie model drug subsiar.ee employed illustrates a drug 
substance that has a very low aqueous solubility of less than 
50 ng/ml independent on pll. The molecular weight of the 
5 model drug substance is about 600 and u has a lipophilicity 
i.e. a log p (octanol/water) of 5.0. 

Proof of concept is based on a comparison of bioavail- 
ability of different oral lummlatinns and an I.V. injection of 
the drug substance in dogs (n=4). Data on the I.V. is not 
1 included in this example. 

Treatment Compositions and Treatment Schedule 

Treatment A i comparison treatment): nano-aispension 
containing 2% w/w of the model drug substance. NanoC- 
> rystal™ colloidal suspension of the model drug substance 
stabilised with hydroxy propyl cellulose (HPC-SL). Sup- 
plier: Elan pharmaceutical technologies, USA. EPT Ref. 
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\B: r-<) 1-5-4--; \) Ihe naiioMi,pem,ion cu 
he mmlci vlnijt substance .uni S".. (IPC SL ,\ 
men! consisted 111 rul administration of 10 1 



Product Characteristic 

Granular, tree flowing product with a 



a pai 



c, rdini 



lelhed 



T the model .-Inijt siihsuincc. i he p-epuration . 1 the com- 
losttiolt used in lieaiinc-nl B is described below. A treatment 1 
consisted in oral administration 01 6 tablets as .1 single dose 



were obtained by compression of a powder blend 
i Ihe granulate obtained as described .hove with 



espeiidine u 



.. 37.5 



appri 



la bio's 



ccord.m 



aclhod 



of the present invention ihe 'ablets commit about 5% w/w 
of the model drag substance. I he preparation of the com- 
panion used -.n Ireatnient C is described he.. as. \ treatment 
consisted m arai administration at 2 tablets as a single dose 

Treatment 1) | comparison treatment!: capsules containing 
a microemulsion ol the model drug substance. Soft gelatine 
capsules containing - 3 mg of the model drug substance 111 

added by weight as antioxidant). A treatment consisted of a 
single (lose m 5 capsules, equivalent toll- 5 mg althe niadel 
drug substance. 

Iroaimenl F icaaipanson treatment): capsules containing > 
a microemulsion of the niadel drug substance. Soft gelatine 
capsules containing 12.43 mg of the model drug substance 
in a vehicle consisting of 40% w<w Softigen 767. 15% w/w 
trietylciirate and 45"-., w/w polysorhate SI) 1 0.05% BHA was 
added by weight as antioxidant). A treatment consisted of a 1 
single dose all capsules, eqiio. ale 11 to 1T2 mg of lite model 
drug substance. 

Preparation of a 'hannaeeiilicni t emposdun \ccorom12 la 
the Invention used in Treatment B (5 mg Model Drug 4 
Substance) 

Preparation of a Particulate Viatcri.il Melt -spray ing i'ra- 

Slartmg Materials 

Polyethyleneglycol 6000 (Hoechst) 
Poloxamer 188 (BASF) 
Model drug substance 

Avicel PH 101 (FMC) - s 
Equipment 

Fluid bed Strea-1 (Aeromatic-Fielder) 
Process Conditions 5 

198.0 g PEG 6000 and 85.0 g Poloxamer I SS ; "0:30 w w) 
were melted by heating to 75° C. in a pressure tank. 6.21 g 
model drug substance »;n dissolved in the meiied earners. 
Tlte melt was pumped through a heated lube (80° C.) to the ^ 
binary nozzle in the fluid bed at a tank pressure of 1.8 Bar. 
The atomizing air was heated to 140° C. The inlet air 
temperature ot the fluid bed was 22° C. 

2S9 g of melt was sprayed on 300 g tluidized Avicel PH 
101 at a tlow rate of 10 g/min. The total yield was 589 g 6 
granulate. Ihe maximum praduc; lemperaiure was. 16 ; ( '. at 
the end of the process. 



\Utmmum ste.lr.-uc 



0.5 n 



a . iLrbuia-ir 



is blended with Ihe granulate !'..r 



Tanlertiog and Tablet Characteristics 

i he t.ibletling was perforuied on a single punch tabieiting 
machine Korsch EK0 

Tablet shape 11.5 mm doomed shape 



Preparation of a Pharmaceutical Composition According to 
the Invention used in Treatment C 1 20 mg Model Drug 
Substance) 

Preparation of a Particulate Material— -Melt-spraying Pro- 



Starting Materials 

Polyethyleneglycol 6000 (Hoechst) 
0 Poloxamer 188 (BASF) 

VHxiel drug substance 

Avicel PH 101 (FMC) 
Equipment 

> Fluid bed Strea-1 1 Aeromatic-Fielderi 
Process Conditions 

121.9 g PEG 6000 and 52.3 g Poloxamer 1 88 (70:30 w/w) 
were melted by heating to 75° C. in a pressure tank. 20.96 
g model drug siihsiar.ee was dissolved :n ihe melted carriers. 
Ihe men was pumped through a healed tube (SO" (" ) to ihe 
binary nozrie in the I'.uid bed at a tank pressure of 1 S Bar, 
The atomizing air was heated to 140° C. The inlet air 
temperature of the fluid bed was 22° C. 

3 195 g of melt was sprayed on 200 g fluidized Avicel PH 
101 at a flow rate of 11.4 g/mm. The total yield was 395 g 
granulate. The maximum product lemperaiure was 37° C. at 
the end of the process. 

0 Product Characteristic 

Granular, free flowing product with a particle size under 
0.7 mm. 

Tablet Composition (w/w) 
5 Tablets were obtained by compression of a powder blond 
containing the granulate obtained as described above with 
magnesium stearate. 
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administration to Jugs compared wit 
liv tevhrueues ui.n .ire gaterjil.y accep 



Magnesium s 



ubstance that lias a v 
vl' m I in phosphate be 



I ihicui.it! .in.: unlet l haractenstics 

i lie lahlettiag wa, pcrlormed m a Mndc punch unletting 
machine kursch FKO 

I ablet shape 11 5 mm doomed ,-hape 

Weight: MV) mg 

•strength 20 .lit 

Mean tablet hardness n !0l detcnnined en Sehleiiningw 
Model 61) apparatus was 41 N 

Mean disuiteiirahoa nine was 5.5 mnuiles (Hh.Bur) 
Weight variation I it -20) corresponded to RSD of 1.3% 2 
and Results 



lydrochionde salt. Hie aqueous solubility of the sail is also 

The results presented below are (used on absorption study 
n a. »is comparing different formulations, 
h'ormulation A (nanosuspensiou) 
Formulation B: CyUodextrin solution (Captisi 



aid t 



.tudy .: 



ir dogs in one an up .a each of totally six weeks 
the dogs were dosed orally en the first day of the week 
following by 6 days of recover.' i he lirst week the dogs 
were assigned to treatment A. second week to treatment B 

Summary of pharmacokinetic parameters. Beagle dogs 
after single oral .'.using of the model drug substance (±SD, 

n-4). 



nodel drug 
substance (0.5:1) 

formulation D: Mixture of SLS and the model drug 
substance (1:1) 

Formulation K: Granulate with 10% fween 80 
fotmulation r: (granulate in capsule) prepared by a 
method according to the present invention iy melt spraying 
and using AJkosaft XP 3103. 

A summary of the pharmacokinetic report on the study is 
given below. 

lest f irmulation A was prepared by suspending nanuiused 
model drug substance particles in a vehicle of 0.5% HPC 
(UPC) (Klucclfc MF HP. Hercules Inc.) and purified water. 



From the results si' 
treatment H lends to ui 
all other treatments en 
note that composition 
in dissolved form (tret 



'e it and in FIG. 5 is seen tha 

It is particularly interesting u 
una the model drug subsume 
)andE ' 



lead to 



bioavailability than treatment It and '.here is no significant 
difference in the t„ t(t values obtained, i.e. the onset of the 
therapeutic effect i, the same even if a solid composition is 
used, irealinent (" leads to a lower bioavailability than 
treatment B. which may he explained by the fact that the 
ration between the amount of drug substance m the earner 
is higher in treatment C than in treatment B (higher dose in 
treatment t ' Than ir 



bxample 5 

In Vivo Bioavailability in ' >>>gs Alter 
Administration of 1. ablets Contannng a Particulate 
Material Obtained by the Controlled Agglomeration 
Method of the Present invention -Proof of Concept 



obtained according to the 
ived bioavailability after oral 



. similar suspension was included m an initial study where- 
resulted in a mean relative bioavailability of only 0.64 
hen compared to a (biptisoU solution. 1 U.wcver. it 
.is suspected that the initial suspension used was not 
ptimal as the particle si/e distribution w.i> above the 



v.eoue„ily. I 



his been optimised md est formulation V was prepared 
from a model drug aibstanee batch, which contained par- 
ticles in the nanometer range. 

Reference tornmiation B was prepared by dissolving the 
> model drug substance in ..n aqueous vehicle of 5% p-cy- 
clodextrin stil tobutvl ether soiiiuin salt d'dniisoiK ( v )ex 
lnc). 

Test formulation C was prepared by dissolving sodium 
luuryi sulphate (SI S i in water and adding the solution to ihe 
model dnig substance dri'p by drop i mode! drug substance 
SLS w/w-ratio 2:1). The dried mixture and lactose were 
filled in capsules. 

Test formulation I) was prepared by dissolving SLS in 
water and adding the solution to the model drug substance 
drop by drop (model drug subsUiuce'SLS w/w-ralio 1:1). 
The dried mixture and lactose were filled in capsules. 
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are-pared hv well .'.r uimi.sH. ai ,t 
10% Tween SO.':"., Kolhdon 
'U'sc. 1 Ik- iiMiiiiidlc idled ,,i 

s prepared by a meihod ol the • 

i in ii. ' ii,.! was list ..; 



Kisei irrespective . f houyweight. I he dose level chosen was 
based on previous studies wuh the model drag substance in 
Beagle dogs. 

Pharmacokinetic Results 

Mean serum concentrations vs. time are presented in FIG. 
6. Standard deviations are .minted in :he figure for clarity, 
lite data is shown in the Table below 

rodel dnu substance m die 



'I ( i chains . >r free acui groups . 



a Paniculate Material- Melt-spraying Pro- 



mts. Re-analysis continued the i 
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s high 



Starling Materials 

Akosoft XP 3i(>3 (Karlshamr.} 
Model drug substance 
I actose 350 M (DMV) 



Fluid bed Strea-i I Aoromatic-Fielder) 
Process ( onditions 

153 g Akosoft XP 3103 was melted by heating to 70° C. 
ai a pressure tank. The melt was pumped through a heated 
lube (80" C.) to the binary nozzle in the iiuid bed ai a tank 
pressure of 0.3 Bar. The atomizing air was ueatedlo 140° ( '. 
T he inlet air temperature of the fluid bed was 22° C. 

1 14 g of melt was sprayed on iluidizcd material consisting 
of 256.5 g lactose 350 M and 43.5 g model drug substance 
at a flow rate of 30 g/min. The total yield was 414 g 
granulate. The maximum product temperature was 32" C. at 

l iraiiuiar product with a particle size under 0.7 aim. 

'The product was tilled into capsules ;500 nig correspond- 
ing to .30 mg base) 
Study Design and Dosing 

The study was conducted in a cross-over design. Alter a 
live days pre-do.se period the test formulations w ere admin- 
istered in intervals of three or four days. Test formulations 
were administered in the order B, A, C. D, E and V. 

On days of dosing each dog was dosed in the morning 
with 30 mg of the model drug substance twtth regard to she 



5 absorption of the test compound. 

Pharmacokinetic parameters tor the model drug subsTance 
estimated b\ standard nou-ooiiiparluieiitul analysis are given 
in the following fable. 

for the reference solution a mean t,,„, of 2.5 hours was 

0 observed. The other treatments resulted in mean t.„ , ( values 
of 2.3 hours (I IPC formulation A). 3.0 hours (model drug 
sub stance/ SIS 2:1 formulation C), 3.8 hours (Akosoft 
.3103— formulation Fl, 4.8 hours (Tween SO/Kollidon 
VA64 — formulation E) and 8.3 hours (model drug sub- 
stance/SLS 1 : 1 formulation D). The laner mean \ mm value 
is high due to the extreme contribution from dog Id 1.31 i see 
above). If this data point is omitted a mean t„„„Ol'3.0 hours 
is observed. 

i) With a mean maximum serum concentration at 12.3 
a, in.! 1 [he Vkosoil 3 Ids formulation I tonnuiaion I ) gave 
a value almost similar to the reference solution at 124 
nmollT 1 . At the other extreme the treatments with SLS 
(formulations C and D) resulted in mean C„ fa values of 3 1 .5 

5 nmol'L" 1 (model drug substance/Si S 2: 1 ) and 50.3 nmoi-L 



l.del d 



substi 



:e SI S 



Agan 



the „ 



i value 



would he smaller it the 24 hours oaia point :or Mraiu iation 
D was omitted. Administration of the HPC- and Tween 
80/K.ollidon V'AM-fomiuiations resulted in mean C„,„ val- 
ues of 87.9 tunol'L" 1 and 85.3 nmol-L"'. respectively. 

In the Table on next page are given individual and mean 
in -4) pharmacokinetic parameters of the model drug aib- 
stance employed in Example 5 after dosing of 30 nig to 
Beagle dogs. Treatment A: 0.5% HPC (aq.). Treatment B: 
' aptisoU i,ic|.), freatmunt (': model dme substance/ 
SI S ,2:1). Treatment IT model dmg substance 'SI .S , 1 : 1 I. 
Treatment E: Tween 80, Kollidon VA64, corn starch and 
lactose, IT-eatment F: Akosoft*" 3 103. 
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Individual doses vised in he p;un:i:i». -Kinetic .,n;ii\M» 
were calculated by [XT M„ BW: D is the dose adminis- 
tered with respect to the base tug), M v „ is the molecular 
weight of the model drug substance uig/iimoi). HW is the 
body weight of the animal (kg) and CF is die correction 
i actor determined Irinu analysis ol the test lonnulalioiis 

t , ».» c.ilcul.ited from /. values estimated from data 
points at 2 8 hours (I), 2 12 hours (II), 2 24 hours (III), 
3-12 hours (IV). 3-24 hours tV), 4 24 hours (VI). 6 hours 
(VII) and 6-24 hours (VIII) 



Mean \ tines ;i>r the relative noavai lability (relative :o 
cyclodextrin solution) were almost identical irrespective of 
the calculation being made with respect to the serum con 
cenlration time curve- tn infinity [AUC,,_,„J or to the last 
measurable concentration l.\L (",,_,). Mean values for the 
latter AUC parameter w ere (W7 uinol-h-L"' (reference for 
nulatu n). 1066 nmol h i - ( Aki isoli 3 101), X48 nmof h i - 
t I w een XO/Koliidori VA.64). "(XI timol-h L" 1 (HPC) 440 
nmol.h.L (model drug substancc'SLS 1:1) and 241 
nmol.h.L ' (model drug substance SI S 2: 1 i. fhe low values 
for the two SI „S formulations are in line with the low 
values observed tor these formulations. 

Hie corresponding mean relative bioavailability values 
were 1.10 (Akosoft M03). 0.89 ;Tween SO.Kollidon VA64), 
0.77 (HPC). 0.46 (model drug substance/SLS 1:1) and 0.29 
(model drug substau.ee/SLS 2:1). 

The low relative bioavailability observed for the two 
Sl.S-torinuluiioiis was not expected as a similar formulation, 
albeit with a model drug subs:anco SI S ratio at 2, 1 , admin- 
istered in a previous study resulted in a mean relative 
aioavailabiliry ot ! 20. Apparently there is a critical con- 
centration below which the dissolution and absorption 
enhancing properties or SI S .ire limited. 











above unity (range 0.98-1.53). fhe 




determined in this dog for the differ 




fore contributes considerably to ti 








relative ha a\ adahihty is very low fi 


>r .he i'her three dogs. 


When this dog was excluded moan \ 


■allies of 0.24 and 0.06 


were round tor model dniii sinsianci 


sSLS ratios of 1:1 and 


2:1, respectively. 




he mean apparent hall life dele-i 




tiou of the various treatments were 4 


.5 hours (HPC suspen- 


sum). 4.H hours ;5% Capusol'R and 


inodel drag substance/ 


.SI S 2:1), 4.9 hours (Akosoit 3103), 


5.2 hours t model dmg 


substance; SLS 1:1) and 6.4 hours 


(Tween SO/Kollidon 


VA64). Mean oral clearances [CIA- 


) were comparable for 


treatments w ith I IPC (7.01 L kg" 1 h~ 




I. kg !r :. I ween 80 Koiiidon VA6- 


4 ) (5.54 L-kg- h land 


.\kosoft 3103 (4.70 L-kg-'-h"'). As 


a ci r.seu'.icnce ot the 


low AUC, values the two treali 


uents with SLS show 



relatively high CI.F values at 12 l.k~'h~' ('model drug 
?(J substance/SLS 1:1) and 50 L-~' h~ l (model drug substance/ 
SLS 2:1). 

Mean volumes of distribution t\ .1- 1 observed were 29.6 
L-k"' (I IPC), 32.7 L-k"' (Akosoft 3103). 34.9 L-' 1 (5% 

... Captsoi R ! and 52.5 I - ; Tween 80. Koilidon VA64). Again 
the values for the two SI S formulations were relatively 
mgher at 158 Lk' 1 and 352 L-r 1 . 

Pharmacokinetic parameters estimated for llie reference 
solution were consistent with values found in a previous 

60 formulation study performed on identical animals. 

As supplement to these data other formulations have been 
prepared including Captisol formulations: B (similar to the 
one in the previous study > and three formulations prepared 
according to the invention, formulation (i. H and 1. These 

65 formulations include mixtures of gtyecrides. Formulations 
G, H and I (granulate in capsule I have been manufactured by 
melt spraying. 
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Preparation ot l est I mriulaiion < i. 1 1 and i .Wit.r4m.it i" the Proof of concept is based en a comparison of bioavail- 

lnvention ability of different oral formulations with a solution of the 

I'lcpaiaiion »i a Particulate Material Mvit-spraying Pro- drug substance as reference, in dogs in a cross over design. 

Seining vlaienuls S IhLMiiell spraying process and lahleiting ( rreainieni H and ( ') 

Kimol f s so iM,mo-viijil\cvnd on nuidnim chnra tatty Treatment A 

Solution of nifedipine in PEG 400 



I lilen 



Model Jraa substance die - 
hrougbout Example 5) 
i aeuise 150 M ,!)MV) 



substance is used 



I nil per capsule i corresponds In 20 mg infedipine ) 
treatment B 
Plain tablet 20 mg A da ldtK- Bayer 



at O formula! ion it K m.uiu..m : 



Process C onditions 

flic process conditions are similar for tiie formulation G. " 
H and 1. Rylo MG 18 was melted by heating to 70° C. in a 
pressure tank and the liquids Viscoleo and Kimol were 
added. Hie melt was pumped ilmuie.ii a heated he [Sir ( ' ) 
to the binary nose in ilie iluid bed at a tank pressure of 0.2 
iiar. I he atomizing air was healed to 140" C. flic inlet air 4 
temperature of ihe iluid beil was 22° ('. 

The melt was sprayed on tluidized material consisting of 
ihe particulate materials, which include the model drug 
subslance. lactose and ascorhvl palmitate aid lor formula- 
tion Ci; sodium lauryl sulfate. The How rale was 20 .10 4 
a nun. i he mux-mum producl icmpcraiure was 12 ' ( \ ai the 
end of the process. 

Product Characteristic 

Ciranular product with a particle si/e under 0." mm. 

ihe product was idled into capsules [250 ma correspond- 
ing, to 10 mg base for formulation (i and 11). M)0 tug 
corresponding to 10 mg base for formulation 1. 

Example 6 5 

Proof of Concept Based on Data From 
Development Project w ith Nifedipine 

Nifedipine is a yellow crystalline substance, practically 
insoluble in water with a solubility ol <56 mg I., at 25" C. It 
has a molecular weight of 346.1 and a melting range 
between 172^174° CTfhe calculated log P is 2.5 and the 
experimental measured value is 2.2. Nifedipine is rapidly 
and hilly absorbed alter oral administration of the marketed ;, 
products, however an immediate release capsule only pro- 
duce a bioavailability between 30 and 60%. 



Starting Materials 

Polyethylenegiycol oOOO illoechsl) 
, Poloxamer 1 SS [BASF) 
Nifedipine (Sigma-Aldrieh) 
Lactose 200 mesh (DMV) 
Equipment 
; Fluid bed Strea-1 (Aeromatic-Fielder) 



264.6 g 



1.4 g 



i 5 2 7 a drag .substance was dissolved in ihe melted carriers. 

v .11 It v pumps la ugj heated tune S5" ( i to ihe 
hmary nozzle in the fluid bed at a tank pressure of 1.6 Bar. 
The atomizing air was heated to 140° C. fhe inlet air 
temperature of [he fluid bed was 22 C. 

MM g of men was sprayed . ui iot) g llmdi/ed laciose at a 
llow rate of I 7 g inn Ihe total yield was aOX g granulate. 
The maximum product temperature was 17° C. at the end of 
the process. 

Product Characteristic 
Granular, free flowing product with a particle size under 



Magnesium siearate was blended with ibe granulate for 

0.5 minutes- in a Turbula-mixer. 

Tabletting and Tablet Characteristics 

The tabletting was performed on a single punch tabletting 
machine Korsch EK0 
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I'.iblct shape S mm compound -lape Experiment li is pertormed ia. Oct heating condition of the 

Wcnhl CO njtf u'.let air'Nl ~0" ( ". i rc^ultniii m i product tempenmire uiwcr 

Strength 5 mg :1:e l0 ' ( ■ temperature .inference. 

Mean tablet Iwniness in 10, determined .m a .Si-hlciinmcr Experiment A 

iiiodcl (.1) was 07 N ' ,.. . 

. . ... . , . , . ... ,, Equipment 

Mean a,.mu-«,«.,n ,nw * 1 1 < nuues . >h , ur) h! , a K ,, Sir ea-1 (Aeromaue-Fieldcr) 
Weight variation ui 20) . irresponded to <S!) ot' 1,1?",, 

Dosing 4 tablets (20 mg) in a capsule ''"itS) ' pt"c'?0()0 1 >d 1 1 • JO' 

Dosing pressure mnk , he men w..> pumped through a heated tuhe 

One dog was dosed with the 3 different formulations A. B (85 ° c ) to ,he binary nozzle in the :lmd bed ai a laak 

and C with 3 duv> between dosing. 2 ml ol blood samples pressure ,.i 1.5 Bar. I he atomizing air was heated to 1 40" (". 

were taken at pre-duse and 0.25. 0.5, 1. 1.5. 2. 4. 8 and 24 IT* ailel air temperature „1 the Hind bed was 22 ' C. 

hours after administration. I he analysis of nifedipine was t> 5X4 g ol melt was spraved on 150 g tluidi/cd Neusilio 

perlomteil on respective plasma samples. ' US2 at a flow rate of 19 g/min. The total y 



/ranuiate. 1 he maximum product temperature was 45" C. at 
Pharmacokinetic Results the end of the process. 1 he concentration ot f'ECi 5000 in the 

Ihe pharmacokinetic data are shown m the lahle below paniculate material obtained was 70 

-0 Product Characteristic 

Granular, tree flowing procuct w ith a panicle si/e d,„. of 



Hie bioavailability o , ¥ . is calculated relative lo formula- 
tion A. represe'iiling a solution of iv. [cdipinc in I'l < • 400 I 'he 
corresponding plasma profiles are shown in I-'ltj. 7 

Conclusion 

Apparently the soiid solution of nifedipine in i'l ( m000 ; 
Poloxamer (formulation C) results in significant higher 
bioavailability compared to a plain tablet formulation (Ad- 
akt). 



Neusilin as Absorption Material m Controlled 
Agglomeration 

Background 

it is established that magnesium aluminium silicate t( ar- 
nsorb. (ielsorp. Magruibite) is suitable in absorption of 
liquids and commonly used as a v iscosity increasing, a tablet 
dtsnitcgniiil and a tablet bmdiag agent. 

Neusilin il-uji t henncal 'ndustnes: is j magnesium alu- 
.uinoincUisilicate based on a pohn.cne reaction of solium 
silicate having a siloxaae structure il 5S. Pat. No. 3, 95'). 4441 
in combination with a mixture or sodium alnminate and 

Neusilin I S2 is a spray dried free .'lowing material with 
a particle size of approx. 80 urn and a specific surface area 
of 300 nrVg. 

Two experiments (A and Hi nave been performed where 
PEG oOOO is sprayed on fiuidizcd Neusilin in a fluid bed 
Strea-1. 

b.xpenment A is performed under conditions of controlled 
agglomeration keeping ihe temperature difference over 10" 
C. between the product and the melting point of PEG 6000 



Tabletting and Tablet Characteristics 

The tabletting was performed on a single punch tabletting 
machine Kursch EKO. It was not necessary to add further 
excipicnts for the tabletting procedure. 
35 Tablet shape 8 mm compound cup 

Weight: 200 mg 

Mean tablet hardness in 1 0) determined on a Schieimmer 
model f>D was 48.6 N 

Mean disintegration time was 22.4 minutes (Ph. Pur) 
40 Weight variation (n=20) corresponded to RSD of 0.6% 
Experiment B 
Equipment 

Fluid bed Strca-1 (Aeromatic-Fielder) 

Process Conditions 800 g PEG 6000 was melted by heating 
to ''0 ( ' in ,1 pressure tank, fhe melt was pumped through 
a iieateo tube 185" t i to the binary un/zte in the lluid bed 
at a tank pressure of 1.5 Bar. Ihe atomizing air was heated 
30 to 140° C. The inlet air temperature of the fluid bed was 60° 
C. 

505 g of melt was sprayed on 150 g tluidized Neusilin 
US2 at a .Tew rate ot |9 g 'nun. The total yield was 055 g 
granulate. The maximum product temperature was 58" (.'. at 

55 the end of the process. 

Product Characteristic 

' iranular. free lliminu product with a particle si/e under 

0.7 mm. 
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lubletting and I ablet i huracterUties 

iabletttng was mil possible due to adhesion :,i the 

Neusilin l'S2 acts as an absorption agent lor the melted 
earner sprayed cm :|u> nmdi/ed material. 

Sa17uiMt1ii.lv high amount ..f carrier was applicable cor- 
respx. tiding to it tolal run. mm .it* earner exceeding sir', 
without getting uncontrolled iggic-merai ion. ai i xpenmein 
\. Hie temperature .iitlerence Mweeu product and .ueiting 
point 1 1 the currier exceeded !()"(' further, direct tahleiling 
of the product without adding lubricaitt was successfully 
performed. 1 

Increasing ihe inlet lemperanire at' die ;iiad,/ed bed 
tl-xpennient Hi exceeding die temperature limits lor con- 
rolled agglomeration 1 recognized for the traditionally 
employed excipieutsl did not restdl ai uncontrolled igglom- 
eration as expected. This is most likely due to the high : 
absorption capacity of Neusilin preventing free surface 
iqmd la Ibrm bondmu.s between Ihe fiuidi/ed particles, 
r. uncontrolled tieglomc.-ilnm occurred at the cud .if 



;s 1 77. F 



a p,i;s 



.dhes 



indicating surface free 1M (j 111 die uggli mieratc-s. a Inch 
might be due to the elevated product temperature in the 
agglomeration process. 

To sum up, it is possible to obtain controlled agglomera- . 
don even in those cases where no or only a small tempera- 
ture difference is present between the carrier and the second 
composition. I his applies espcciaay tor subslaiices i.ke 
Neusilin and ihe like. 

Example S 



. I'FU I 500 f melting range of from aboi 
) was appiied on lactose 201) mesh 11 
. 1 he composition of die product was 



llie granulate »•„ sieved through a 0.7! mm mesh size. 

A part of Ihe granulate was blended with [he .Idle-rent 
oibstances lor - minutes 111 a hnbula mixer in order to 
letermine any lubricating eifect. 1 w o of the substances used, 
tamely iiiagnesiuin stearate and \erosil. are known lubri- 
:anls. Ihe substances employed were: 

Neusilin IJLF2 (Fuji Chemical Industries) 

Magnesium stearate (Magnesia GmbH) 

Aerosil 200 (colloidal silicon dioxide), (Degussa AG) 

Fab lets were pmduced 011 a single punch tab letting, 
itachme Korsch KKO. instramentexl with force transducer on 
lie tilling device measuring the force to push oil 1:10 tablet 
nun the lower punch. 

Tablet diameter 8 mm. Tablet shape: Compound cup 
fab lei weight: 200 mg 



* Neusilin and Aerosil provided excellent durability to the 
•neks granular product. » hereas magnesium slearate did not 
have this effect. Aerosil is normally used as lubricant in the 
coiieeiiirations below 0.5% and is primarily used to improve 
the liownbihlv ot cohesive materials. 

0 The ami-adhesive property of Neusilin is superior to both 
magnesium stearate and Aerosil. Granules blended with 
either 2 or 4% of Neusilin was compressed w about any 
adhesion to die punches As .how n in die fable the adhesion 
to the lower punch was sigmlicanily decreased when 

'• increasing die concentration oi Neusilin from 2 to 4 '„. 1 he- 
push off force was not monitored (n.m.) for the other 
lubricants since compression nt Tablets was not possible due 
to immediately adhesion to the punches. 

fhus. the results demoiisirale thai Neusilin is an excellent 

1 lubricant having anti-adhesive properties. 

The invention claimed is: 

1 A method lor preparing paniculate material, compris- 
ing: 

wherein ihe lirst composition comprises one or more 
therapeutically or prophylactically active substances 
and a carrier in liquid form, wherein the carrier has a 
uch.ng point of at least about 1 C and the second 
composition comprises a material 111 solid form at a 
teume.-aiure corresponding 10 or below- if.e melting 
point of the first composition, and 
11) agglomerating the lirst composition with the second 
composition 10 obtain the particulate material, waereai 
the therapeutically or prophyl icticaily active substance 
fas an aqueous soiubihty ot at most about 1 ing-inl at 
25" C ;ind a pH ot' about 7.4 and wherein the particu- 
late material obtained comprises a geometric weight 
mean diameter from between about 75 to about 2000 

2. The method of clai 
active or prophylactic sub 
at most about I mg mi at about 25" C. and a pll of about 7.4. 
- 3. The method of claim 1. wherein the tnerapeuticaliy or 
prophylactic-ally active .substance has an aqueous solubility 
of at most about 0.01 mg/ml at about 25" C. and a pH of 

4. The method of claim 1, wlierein the carrier has a 
inciting point ol about 10" C. or more 

5. The method of claim 1. wherein the carrier has a 
melting point of at least about 20° C. 

6. The method of claim 1. wherein the carrier has a 
melting point of at least about 25° C. 

> 7. The method of claim 1. wherein the temperature of the 
second composition is at least about 2° C. below the melting 
point temperature of the earner or ihe lirst composition. 
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1 UI [1U MIL I 1L HI! H U < II, Si I 

9. Hie method of claim 1 wherein rite temperature ol the 
second composition is .it least about It)" ('. hduw the 
melting point temperature of the earner or the first compo- 

lt). The method of claim 1. which agglomeration is 
earned out ui a high shear mixer, a :ow siiear mixer, or i 
flu id bed. t 

11. Themetl.oo .a ejaim 1, n!i;e.i .in^omer.itun) is curried 
• •HI .n a ill. id bed and wherein ihe Mai composition is 
sprayed on the second composition m a iluidi/ed state. 

12. Ihe method of claim 1. u Herein she spray in-t is 
performed through a spraying device equipped with tem- 



14. The method ol" claim 1. wherein 'die particulate 
matcnal has a geometric weight mean diameter d of 



imm.uilycendes; NVP 

25. The method of claim 1. wherein the earner is poly- 
ethylene glycol having an .oarage ineieeiilar weiiilit from 
between about 400 to about 35.000. 

26. The method of claim 1. wherein ihe carrier is selected 
from lite group consisting of polyethylene glycol 1.000. 
polyethylene glycol 2 .000 polyethylene glycol 3.U00. poly- 
ethylene glycol 4.IXK). polyethylene glycol 5. COO. polveih- 
ylene glycol fi.OOu. polyethylene glycol 7 .000, polyethylene 
glycol 8.000. poiyethx k-r,e glycol •l.t'Otl polyethylene glycol 
10.000, polyethylene gtveol I b.OOO. poivethvlene glycol 
20,000. and polyethylene glycol 35 000. 

27. The method of claim 1, w herein the carrier is poly- 
ethylene oxide having a molecular wetalit of irom between 
about 2.000 to about 7,000.000. 

28. The method of claim 1. wherein the carrier us a 
poloxamer. 

29. The method of claim 1, wherein the carrier is selected 
loan the croup. consisting of Poloxamer isx. I'oloxamer 
237. Poloxamer 3.3 X and Poloxamer 407. 

.30. The method of claim 1. wherein the carrier is selected 



16. The method of claim 1. wherein the first composition 
is liquefied bv he mng the earner or the lirst composition to 
a temperature, which causes the carrier or the earner com- 
posilion to melt. 

17. The method of claim 16. wherein the liquefied earner >, 
or carrier composition has a v iseosity t Urooktield I )\ -III ol 

at most about S00 ml'as at a temperature of at most about 
100" C. 



a file 



hitan sesquloli 

31. The met 
comprises a i 
hydrophobic c 

.32. The me 



uirbita 



-I lie aid t n 'i y herein c mot 

ethylenes, polvoxvpropv.eaes: poioxaniers and mixtures 
thereof. 

22. The method of claim 20. wherein the carrier is 
selected rom one or more ol polyethylene glycol and 
polypropylene glycol. 

23. flic method of claim 20. wherein the earner is 
selected from one or more of xylitol. sorbitol, potassium 
sodium tartrate, sucrose tribehenate. glucose, rhamnose, 
laciitol. behemc jcio. hydroqumon monomethvl ether, 
sodium acetate, ethyl fumarate. myristic acid, citric acid; 
polyglycoh/ed ghcendes lielucare 50.13. (lelueire 44114. 
(relucire 50/10, (lelueire i>2 05: Sucro-ester 7. Sucro-ester 
1 1. Sucro-ester 15. maltose, mammon and mixtures thereof. 

24. The method of claim 20. wherein the carrier is 
selected from one or more of straight chain saturated hydro- 
carbons, sorbitan esters paraffins: fats and oils, cacao butter, 
beef tallow, lard polyctber glycol esters: higher fatty acids, 
stearic acid, myristic acid, palmitic acid, higher alcohols, 
cetanol. stearyl alcohol, low melting point waxes, glyceryl 



cendes 



33. ["he method of claim 1, wherein the first composition 
further comprises one or more pharmaceuticaily acceptable 

34. Pae method ot claim 33. wherein the phannaeeuli- 
c.aiiy ,,cceptahle excipient is selected Irom the group con- 
s. sting of tillers, hinders, disintegrnnts. glidants. coloring 
agents, taste-masking agents, pi i adjusting agents, solubi- 

, it/nig agents, slubia/sing agents, welling agents, mrlace 
active agents, and antioxidants. 

35 i he method of claim 1 wherein the second compo- 
sition comprises one or more pharmacciilicaiiy acceptable 
excipients. 

j 36. The method of claim 35. wherein the pharmaceuti- 
caily acceptable excipient is one or more of fillers, binders, 
dis integrants, glidants. coloring agents, lasie-maskmg 
agents, pH-adjusting agents, soiubili/ing agents, stabilizing 
agents, wetting agents, surface active agents, and antioxi- 

37, The method of claim 1. wherein the first or the second 
composition comprises a cosmetically active substance, a 
beneficial substance, a food .substance, or a nutrient sub- 

, 3S. The method of claim 1. wherein the second compo- 
sition comprises magnesium aluminosilicate or magnesium 
alumincmetasihcate and the amount ot carrier in the par- 
ticulate material is at least about 30% v/v. 

39. The method of claim 38, wherein the amount of carrier 
, m the particulate material is at least about 40% v/v. 

40. The method of claim 38, wherein the amount of carrier 
in the particulate material is at least about 50% v/v. 
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41 Hie method .>{ cUmn 1. wherein he particulate 
luitwriui is suitable tor u»c m the preparation ..I'piiaraMc-u- 



42 



amount ol'a first eoinposil.on i-tllvtive lorajaiioincraimii dm 
second composition to obtain the particulate material, 
wherein lite luv. composition comprises one or mure iliera- 
peutically or prophylacticallv ae:i\e sum-ounce, having an 
aqueous solubility ol at most about } mg/ml at 25 ' C. and 
d a earner in liquid form, wherein the 



.amor has 
•ompositic 



.. die- 



1 solid S. 



-14 \ method h.r prepannji particulate materia! compris- 
ing spraying, on a second composition in a iluidi/ed state, an 
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Abstract 

The aim of this study was to evaluate the in-vivo behaviour of matrix pellets formulated with nanocrystalline 
ketoprofen after oral administration to dogs. No significant differences in AUC-values were seen between pellet 
formulations containing nanocrystalline or microcrystalline ketoprofen and a commercial ketoprofen formulation 
(reference: Rofenid* 200 Long Acting). C,„„ of the formulations containing nano- or microcrystalline ketoprofen was 
significantly higher compared to reference, whereas / m „, was significantly lower The in-vivo burst release observed lor 
the spray dned nanocrystalline ketoprofen matrix pellets was reduced following compression of the pellets in 
combination with placebo wax/starch pellets. These matrix tablets sustained the ketoprofen plasma concentrations 
during 5.6 and 5 4 h for formulations containing nano- and microcrystalline ketoprofen, respectively. © 2002 Elsevier 
Science B.V. All rights reserved. 

Keywords: Ketoprofen; Nanocrystals; Sustained release; Matrix; in vivo 



1. Introduction 

Ketoprofen [2-(3-benzoylphenyI) propionic 
acid] is a non-steroidal anti-inflammatory and 
analgesic agent used to treat acute and chronic 
rheumatoid arthritis and osteo-anhriiis. Because 
of its short plasma elimination half-life (2-4 h), it 



* Corresponding author. Tel.; + 32-9-264-8054; fax: + 32- 
9-222-8236. 

E-mail address: jeanpaul.remon@rug.ac.be (J. P. Remon). 



is an interesting molecule to formulate as a slow 
release preparation (Habib and Mesue, 1995). As 
ketoprofen is poorly soluble in acidic conditions 
due to its pH dependent solubility profile and as 
poor solubility is generally related to a low 
bioavailability, this presents a major challenge 
during drug formulation. Micronization of drug 
particles has often been used to increase the 
bioavailability of poorly water soluble molecules, 
however reducing the particle size to the micron 
range has not always been sufficient to achieve 
this goal (K.ondo et a)., 1993). However, a further 
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reduction of the panicle size to the nanometer 
range has been successfully used to improve the 
bioavailability (Liversidge and Cundy, 1995; Liv- 
ersidgc and Conzentino, 1995; Muller et al., 
1999), as an outstanding feature of nanosuspen- 
sions is the ability to increase the saturation solu- 
bility of the compound. In general, the saturation 
solubility is detmed as being a compound-specific 
constant depending on the temperature and the 
crystalline structure of the compound. However, 
the saturation solubility is also a function of the 
particle size, the size-dependency only coming into 
effect for particles having a size below 1 um 
(Muller et al., 2001). In a previous study (Vergote 
et al., 2001), matrix pellets containing spray dried 
nanocrystalline ketoprofen were developed, the 
main advantage of incorporating spray dried 
nanocrystalline ketoprofen into the matrix pellets 
being the pH independent in vitro drug release 
from these pellets. The present study was designed 
to evaluate the bioavailability in dogs after oral 
administration of nanocrystalline ketoprofen for- 
mulated in matrix pellets as well as in tablets 
(manufactured using a binary mixture of ketopro- 
fen matrix pellets and placebo wax/starch pellets). 



2. Materials and methods 

2.1. Materials 

Microcrystalline ketoprofen was obtained from 
Spectrum Quality Products (New Brunswick, NJ, 
USA). The NanoCrystal* colloidal ketoprofen 
dispersion (containing 20% w/w ketoprofen) was 
supplied by Elan Pharmaceutical Technologies 
(King of Prussia, PA, USA) and prepared using a 
ball milling process (Liversidge et al., 1991). 
Paraffinic wax (Paracera" P) was purchased from 
Paramelt (Heerhugowaard, The Netherlands), 
while both waxy maltodextrin (WMD) and drum 
dried corn starch (DDCS) were provided by Eri- 
dania-Beghin Say (Vilvoorde, Belgium). Sodium 
starch gtycolate (Explotab®) was obtained from 
Penwest (Patterson, NY, USA). Rofenid 58 200 
Long Acting (coated pellets) (Rhone-Poulenc 
Rorer, Brussels, Belgium) was used as a reference 
formulation, 



2.2. Spray drying 

A NanoCrystal* ketoprofen dispersion and a 
microcrystalline ketoprofen dispersion (both con- 
taining 20% (w/w) ketoprofen and 0.15% (w/w) 
sodium laurylsulphate) were separately spray 
dried using a mini-spray dryer (Buchi 190, Flawil, 
Switzerland). Before spray-drying, the dispersions 
were diluted with water (1:2). The inlet tempera- 
ture of the drying air was set at 75 °C (which is 
substantially lower than the melting point of keto- 
profen (94 3 Q), while the outlet temperature was 
49 °C. The feeding rate of the dispersion was 200 
ml/h. The particle size of the spray dried product 
was determined by photon correlation spec- 
troscopy (Autosi/er 4700, Malvern Instruments, 
Malvern, UK) in case of nanocrystalline ketopro- 
fen and by laser diffraction (Mastersizer S, 
Malvern Instruments, Malvern, UK) in case of 
microcrystalline ketoprofen. Prior to particle siz- 
ing, the drug was suspended in deionized water at 
a concentration of 20% (w/w) and diluted to 
obtain the appropriate concentration range for 
particle size measurement. The mean particle size ' 
and polydispersity index (PI) of the nanocrys- 
talline material was 265 nm and 0.24, respectively, 
and 65 urn and 0.32 for microcrystalline ketopro- 
fen. Based on image analysis of the suspensions, 
no particles above 500 nm and 300 um were 
detected for nanocrystalline and microcrystalline 
ketoprofen, respectively. 

2.3. Production of pellets 

The matrix pellets containing spray dried 
nanocrystalline ketoprofen (15% w/w) were pro- 
duced in a laboratory scale high shear mixer 
(Mi-Pro, ProCept, Zelzate, Belgium), while the 
pellets containing spray dried microcrystalline ke- 
toprofen (15% w/w) were produced in a Gral 10 
(Machines Collette, Wommelgem, Belgium) high 
shear mixer. The matrix of both pellet formula- 
tions consisted of 35% (w/w) wax, 6.5% (w/w) 
drum dried corn starch and 43.5% (w/w) waxy 
maltodextrin. The parameters during pellet pro- 
duction were selected based on the method de- 
scribed by Vergote et al. (2001). The pellet 
fraction between 800 and 1000 um was isolated by 



G.J Ver*oK ei ul. / International Journal of Pharmaceutics 240 12002} 79-H4 



sieving (Retsch VE 1000, Retsch, Haan, Ger- 
many) and used for further analysis. 

2.4. Production of tablets 

The tablets used in the in-vivo study were com- 
posed of a binary mixture of ketoprofen pellets 
(loaded with 15% (w/w) nano- or microcrystalline 
drug) and placebo beads in a ratio of 50/50% 
(w/w). The placebo pellets (800-1200 um), made 
by melt pelletisation, consisted of 50% (w/w) 
paraffinic wax, 33.3% (w/w) drum dried corn 
starch and 16.7% (w/w) Explotab". The pellet 
mixture was manually filled into the die (diameter; 
13 mm) and tabletted at a compression force of 10 
kN using a single punch tablet press (Korsch 
EKO, Germany). All tablet formulations con- 
tained 100 mg ketoprofen. 

2.5. In vitro dissolution testing 

An in-vitro dissolution test or the pellets and 
tablets was performed in phtalate buffer pH 4.6 
(without enzymes, USP XXIII) according to the 
method described by Vergote et ai. (2001). 

2.6. In vivo evaluation 

The pellet formulations were administered to 
six mixed bred dogs (three males and three fe- 
males), while the in-vivo behaviour of the tablet 
formulations was evaluated using three dogs (two 
male, one female). An oral dose of 200 mg keto- 
profen was administered to the dogs in a random- 
ized cross-over study. The pellet formulations 
were tilled into hard gelatin capsules. During ad- 
ministration, the capsules and the tablets were put 
behind the tongue to avoid destruction of the 
formulation due to biting. Next the formulations 
were ingested with a small amount of water. The 
time interval between each administration was at 
least 1 week. Twelve hours before drug adminis- 
tration food was withdrawn from the dogs until 
24 h post-dosing, water was available ad libitum 
throughout the study. Blood samples (4 ml) were 
taken 5 min before and 0, 0.5, 1, 2, 4, 6, 8, 12 and 
24 h after drug administration. Heparine (Leo 
Pharmaceutical Products, Zaventem, Belgium) 



was added as an anticoagulant. Plasma was sepa- 
rated by centnfugation at 2000 x % for 10 min and 
stored at - 20 °C until analysis. 

2. 7. HPLC analysis 

The plasma samples were analyzed using a 
modified HPLC method described by Corveleyn 
et al. (1996) for the determination of ketoprofen 
in horse plasma. A solution of 50 ug.'ml naproxen 
iSigma, St Louis, MO, USA) (internal standard) 
was prepared using the mobile phase (0.05 M pH 
7.0 phosphate buffer-acetonitrile, 84:16 v/v) as a 
solvent. A solution of ketoprofen (Sigma, St 
Louis, MO, USA) at a concentration of 100 ug/ml 
was also prepared using the mobile phase. From 
this stock solution dilutions were made using the 
same solvent: 5, 10, 20, 30, 40 and 50 ug/ml. 
Calibration solutions were prepared by adding 50 
ul of the naproxen solution and 50 ul of a keto- 
profen solution to 450 ul of blank plasma. All 
calibration curves were linear over the entire con- 
centration range [y = 1.5950* + 0.0892; r l = 
0.9995). The plasma ketoprofen concentration in 
the unknown samples was calculated using a set 
of calibration curves (n - 3), obtained after linear 
regression of the peak area ratio (ketoprofen/ 
naproxen) versus the ketoprofen concentration. 50 
ul of the internal standard solution was added to 
500 ul plasma sample. This solution was acidified 
by adding 1.0 ml of 1.0 M pH 2 phosphate buffer. 
After homogenizing and subsequent addition of 7 
ml diethyl ether, the mixture was vortexed for I 
min and centrifuged for 10 min at 2000 x g. Next 
the organic layer was isolated and evaporated 
under a nitrogen stream. The residue was dis- 
solved in 500 ul of mobile phase and a 20 ul 
aliquot was injected into the chromatographic 
system. The HPLC system (Merck, Darmstadt, 
Germany) consisted of an isocratic pump 
(LaChrom 8 L-7110,), a reversed-phase column 
protected with a LiChrocart® 44 guard column 
(both packed with LiChrospher* 5 um 100 RP- 
18) and a variable wavelength UV-VIS detector 
(LaChrom B L-7400) set at 260 nm. The flow rate 
of the mobile phase was 1.5 ml/min. The column 
was kept at 35 °C. Drug recovery (n = 3) ranged 
between 94.6 and 98.9%. The relative standard 
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deviations ot within-day and between-day repro- 
ducibility, calculated at different concentrations 
(n = 3), were below 4 and 7.3%, respectively. 




pellets camainimj . ] nar«*ry«all in e or (C) microcTysUlline 
ketoprofen; mainx tablets cnr.taming (■) nanocrystailine or 

ing (reference formulation). The mairix pellets contained 15% 
(w/w) ketoprofen (stabilized using 0.15% (w/w) sodium lauryl- 
sulphate), 35% (w/w) wax, 6 5% (w/w) drum dried corn starch 
and 43.5% (w/w) waxy rnaltodextrin. The tablets were manu- 
factured using a binary mixture (50/50% w/w) of ketoprofen 
matrix pellets and placebo wax/starch pellets. 
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Time(h) 

Fig. 2. Mean (n = 6) plasma concentrations of ketoprofen 
following oral administration of 200 mg ketoprofen formu- 
lated in matrix pellets: ( C) nanocrystailine ketoprofen, (O) 
rnicrocrystalline ketoprofen, (A) Rofenid* 200 Long Acting 
(reference formulation). All matrix pellet formulations con- 
tained 15% (w/w) ketoprofen (stabilized with 0.15% (w/w) 
sodium laurylsulphate), 35% (w/w) paraffinic wax, 6.5% (w/w) 
drum dried corn starch and 43.5% (w/w) waxy rnaltodextrin. 



2.8. Pharmacokinetic analysis 

The plasma concentration-time profiles were 
analyzed using Kinbes* software (Mediware ver- 
sion 3.03, Groningen, The Netherlands). The 
maximum ketoprofen plasma concentration 
{C max ) and the time to reach the maximum plasma 
concentration (i mi% ) were determined from the 
individual plasma concentration - time profiles. 
The sustained release characteristics of the keto- 
profen formulations were evaluated by the 
%-/.,c ^/value. This is the time span during which 
the plasma concentration is at least 75% of the 
C mn value or the width of the plasma profile at 
^5% of C mM . The data were statistically evaluated 
using the Posthoc Sheffe test. The AUC (0 . 24l „ of 
the plasma profiles was calculated using the loga- 
rithmic and linear trapezoidal rules. 



3. Results and discussion 

An important factor determining the dissolu- 
tion rate and the saturation solubility, thus the 
bioavailability is the particle size of a drug. Mi- 
cronization of drug particles has not always been 
successful to increase the bioavailability (Kondo 
et ai., 1993), but further decreasing the particle 
size has proven to be promising (Liversidge and 
Cundy, 1995; Liversidge and Conzentino, 1995; 
Muller et ai., 2001) and therefore preparing 
nanosuspensions was proposed as an alternative 
approach to increase the bioavailability of poorly 
soluble drugs. Vergote et al. (2001) showed that 
by using spray dried nanocrystailine ketoprofen 
matrix pellets could be prepared having a pH 
independent release profile, whereas the drug re- 
lease from a similar dosage form formulated with 
rnicrocrystalline ketoprofen was slower at lower 
pH of the dissolution medium. In a first 
bioavailability study the plasma concentration 
lime profiles of the matrix pellets were compared 
with the in vivo behaviour of coated Rofenid® 200 
Long Acting pellets, a commercially available for- 
mulation having a similar in vitro release profile 
compared with the nanocrystailine pellets (Fig. 1). 
As shown in Fig. 2 the in-vivo sustained release 
effect of the ketoprofen matrix pellets was very 
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Fig. 3. Mean (n = 3) plasma concentrations of keloprofen 
following oral adrninwlration :•■(' 200 mg ketoprofen formu- 
lated as compressed matrix pellets: (■) nanocrystalline keto- 
profen, (•) rnicrocrystalline ketoprofen, (A) Rofemd® 200 
Long Acting ( reference formula lion). 

limited as their ( 7!% value of the nanocrysialline 
ketoprofen formulation was only 1.0 h, versus 7.3 
h for the reference formulation. Moreover, the 
matrix pellets were in-vivo characterised by a 
substantial burst release effs 

and 2.0 h for .the forr 
nanocrystalline (12.8 ug/ml) 
(10.2 ug/ml) ketoprofen, respectively (versus 6.0 h 
for the reference formulation). A possible expla- 
nation for this high initial release might be the 
combination of higher in vivo shear forces 
(Kamba et al., 2001) and the presence of a surface 
active agent (sodium lauryl sulphate) in the matrix 
pellets used as a stabilizing agent during produc- 
tion of the nanocrystalline suspension. It was 
obvious from this in-vivo experiment that the 

Tabic 1 

Mean pnarmacokinenc parameters ( -SD) after oral administr; 



ct as the maximum 
reached within 1.0 
tulation containing 
and macrocrystalline 



tablets 
loaded 
e) and 



matrix pellets were not effective in formulating a 
sustained release dosage form and that the advan- 
tages of a pH independent in vitro drug release 
were not confirmed in vivo. 

As the matrix pellets could easily be com- 
pressed into tablets without facing the problem of 
possible film damage, it was decided to run a 
second bioavailability experiment using corn- 
pressed ketoprofen matrix pellets. Thesi 
were formulated using a mixture of dru, 
matrix pellets (nano- and microcrystalline 
placebo beads (based on a combination of wax, 
starch and disintegrant) (Vergote et al., 2002). 
The amount of placebo beads was optimised in 
order to obtain an acceptable tablet disintegration 
time. Partial tablet disintegration was observed at 
pH 1.2, whereas the tablets were fully disinte- 
grated during in vitro dissolution experiments af- 
ter 1.8 and 1.2 h at pH 4.6 and 7.5, respectively. 
In vitro drug release from these tablets was de- 
layed compared with the pellets (Fig. I). Fig. 3 
shows the plasma concentration time profile fol- 
lowing oral administration of the tablets, the 
bioavailability of these tablets being similar to the 
one of the coated reference formulation. As can 
been seen from Table I, the AUC-values of the 
tablets were not significantly different (P > 0.05) 
from the pellet formulations, whereas (,„„, was 
significantly increased and C m „ significantly re- 
duced compared with the pellet formulations, in- 
dicating that the burst release effect was avoided. 
Moreover the i 1% ., /aC values had increased to 5.6 
and 5.4 h for the nano- and microcrystalline 
formulation, respectively. 



m of 200 mg ketoprofen to dogs 



Pellets [n - 6) 
Nanocrystalline ketoprofen 
vlicrocrystalline ketoprofen 
tofemd" 200 Long Aciing 

Compressed pellets (n = 3) 
Nanocrystalline keloprofen 
vlicrocrystalline keloprofen 



I2.S (±0.8) a 
10.2 (± 1.5)" 
5.8 ( ± 0.9) 

7.7 (± 0.3)" 
6.2 (±0.4)" 



1 ( x 0.3)" 
(±0.3)" 
(±0.4) 



" Significantly different from Relent 200 Long Acting (Shcffe test, P<0M). 

h Significantly .tiffcrerts from the corresponding oellet formulation (Sheffe test, /»<0.05). 



94.1 (±9.5) 
86.1 (±7.0) 
S6.0 (±5.5) 
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From this study it was concluded that the in 
vivo sustained release effect of the ketoprofen 
matrix pellets was limited, while compressing the 
peilet formulations into a disintegrating tablet 
yielded bioavailability parameters similar to the 
coated pellets. The pH independent release profile 
observed using spray dried nanocrystalline keto- 
profen was not confirmed in vivo in dogs. 
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Guidance for Industry 1 

HA and BE Studies for Orally Administered Drug Products - 
General Considerations 



This guidance represents the Fond and Drug Administration's (FDA's) current thinking on this 
topic. It does not create or confer any rights for or on any person and does not operate to bind 
FDA or the public. An alternative approach may be used if such approach satisfies the 
requirements of the applicable statutes and regulations. 



I. INTRODUCTION 

This guidance is intended to provide recommendations to sponsors and/or applicants planning to 
include bioavailability (BA) and bioequivalcnce (BE) information for orally administered drug 
products in investigational new drug applications (INDs), new drug applications (NDAs), 
abbreviated new drug applications (ANDAs), and their supplements. This guidance contains 
advice on how to meet the BA and BE requirements set forth in part 320 (21 CFR part 320) as 
they apply to dosage forms intended for oral administration. 2 The guidance is also generally 
applicable to nonorally administered drug products where reliance on systemic exposure 
measures is suitable to document DA and BE (e.g., transdermal delivery systems and certain 
rectal and nasal drug products). We believe that the guidance will be useful for applicants 
planning to conduct BA and BE studies during the IND period for an NDA, BE studies intended 
for submission in an ANDA, and BE studies conducted in the postapproval period for certain 
changes in both NDAs and ANDAs. 3 



This guidance revises the October 2000 guidance. We have revised our recommendations 
regarding (1) study design and dissolution methods development, (2) comparisons of BA 
measures, (3) the detinition of proportionality, and (4) waivers for bioequi valence studies. The 
guidance also makes other revisions for clarification. We believe that these revisions provide 
clear guidance to sponsors conducting BA and BE studies for orally administered drug products. 



' These dosage terms tnciuue tablets, capsules, solutions, suspensions, conventional/immediate release, and 
modified (extended, delayed) release drug products. 

' Other Agency guidances are available that consider specific scale-up and postapproval changes (SUPAC) for 
different types of drug products to help satisfy regulatory requirements in part 320 and § 314.70 (21 CFR 314.70). 
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FDA's guidance documents, including this guidance, do not establish legally enforceable 
responsibilities. Instead, guidances describe the Agency's current thinking on a topic and should 
be viewed only as recommendations, unless speckle regulatory or statutory requirements are 
cited. The use of the word should in Agency guidances means that something is suggested or 
recommended, but not required. 



II. BACKGROUND 
A. General 

Studies to measure HA and, or establish BF. of a product are important elements in support of 
INDs, NDAs, ANDAs, and their supplements. As part oflNDs and NDAs for orally 
administered drug products, BA studies focus on determining the process by which a drug is 
released from the oral dosage form and moves to the site of action. BA data provide an estimate 
of the fraction of the drug absorbed, as well as its subsequent distribution and elimination. BA 
can be generally documented by a systemic exposure profile obtained by measuring drug and/or 
metabolite concentration in the systemic circulation over lime. The systemic exposure profile 
determined during clinical trials in the IND period can serve as a benchmark for subsequent BE 
studies. 

Studies to establish BE between two products are important for certain changes before approval 
for a pioneer product in NDA and ANDA submissions and in the presence of certain 
postapproval changes in NDAs and ANDAs. In BE studies, an applicant compares the systemic 
exposure profile of a test drug product to that of a reference drug product (RED). For two orally 
administered drug products to be bioequivalent, the active drug ingredient or active moiety in the 
test product must exhibit the same rate and extent of absorption as the reference drug product 
(see 21 CFR 320.1(e) and 320.23(b)). 

Both BA and BE studies are required by regulations, depending on the type of application being 
submitted. Under § 3 14.94, BF. information is required to ensure therapeutic equivalence 
between a pharmaceutical ly equivalent test drug product and a reference listed drug. Regulatory 
requirements for documentation of BA and BE are provided in part 320, which contains two 
subparts. Subpart A covers general provisions, while subpart B contains 18 sections delineating 
the following general BA/BE requirements: 

• Requirements for submission of B A and BE data (§ 320.2 1 ) 

• Criteria for waiver of an in vivo BA or BE study (§ 320.22) 

• Basis for demonstrating in vivo BA or BE (§ 320.23) 

• Types of evidence to establish BA or BE (§ 320.24) 

• Guidelines for conduct of in vivo BA studies (§ 320.25) 

• Guidelines on design of single-dose BA studies (§ 320.26) 

• Guidelines on design of multiple-dose in vivo BA studies (§ 320.27) 

• Correlations of BA with an acute pharmacological effect or clinical evidence 
(§ 320.28) 
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• Analytical methods for an in vivo BA study (§ 320.29) 

• Inquiries regarding HA and BE requirements and review ot' protocols bv FDA 

(§ 320,30) 

• Applicability of requirements regarding an END application (§ 320.3 1) 

• Procedures for establishing and amending a BE requirement (§ 320.32) 

• Criteria and evidence to assess actual or potential BE problems ! ij 320.3 3 ) 

• Requirements for batch testing and certification by FDA ( * 320.34) 

• Requirements for in vitro batch testing of each batch (§ 320.35) 

• Requirements for maintenance of records of BE testing | § 320,36) 

• Retention of BA samples (§ 320.38) 
■ Retention of BE samples (§ 320.63) 

B. Bioavailability 

Bioavailability is defined in § 320.1 as: 

the rate and extent to which the active ingredient or active moiety is absorbed from a 
drug product and becomes available at the site of action. For drug products that are 
not intended to be absorbed into the bloodstream, bioavailability may be assessed by 
measurements intended to reflect the rate and extent to which the active ingredient or 
active moiety becomes available at the site of action. 

This definition focuses on the processes by which the active ingredients or moieties are released 
from an oral dosage form and move to the site of action. 

From a pharmacokinetic perspective, BA data for a given formulation provide an estimate of the 
relative fraction of the orally administered dose that is absorbed into the systemic circulation 
when compared to the BA data for a solution, suspension, or intravenous dosage form (21 CFR 
320.25(d)(2) and (3)). In addition, BA studies provide other useful pharmacokinetic information 
related to distribution, elimination, the effects of nutrients on absorption of the drug, dose 
proportionality, linearity in pharmacokinetics of the active moieties and, where appropriate, 
inactive moieties. HA data can also provide information indirectly about the properties of a drug 
substance before entry into the systemic circulation, such as permeability and the influence of 
presystemic enzymes and/or transporters (e.g., p-glycoprotein). 

BA for orally administered drug products can be documented by developing a systemic exposure 
profile. A profile can be obtained by measuring the concentration of active ingredients and/or 
active moieties and. when appropriate, its active metabolites over time in samples collected from 
the systemic circulation. Systemic exposure patterns reflect both release of the drug substance 
from the drug product and a series of possible presystemic/systemic actions on the drug 
substance after its release from the drug product. We recommend that additional comparative 
studies be performed to understand the relative contribution of these processes to the systemic 
exposure pattern. 
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One regulatory objective is to assess, through appropriately designed BA studies, the 
performance of ihc formulations used in the clinical trials that provide evidence ofsafetv and 
efficacy (21 CFR 320.25(d)( 1 )). Before marketing a drug product, the performance of the clinical 
trial dosage form can he opiimi/ed, in the context of demonstrating safety and efficacy. The 
systemic exposure profiles of clinical trial material can be used as a benchmark for subsequent 
formulation changes and can be useful as a reference for future BE studies. 

Although BA studies have many pharmacokinetic objectives beyond formulation performance as 
described above, we note that subsequent sections of this guidance focus on using relative BA 
(referred to as product quality BA) and, in particular, BE studies as a means to document product 
quality. In vivo performance, in terms of B A/BE, can be considered to be one aspect of product 
quality that provides a link to the performance of the drug product used in clinical trials and to 
the database containing evidence of safety and efficacy. 

C. Bioequivalence 

Bioequivalence is defined in § 320.1 as: 

the absence of a significant difference in the rate and extent to which the active 
ingredient or active moiety in pharmaceutical equivalents or pharmaceutical 
alternatives becomes available at the site of drug action when administered at the 
same molar dose under similar conditions in an appropriately designed snidy. 

As noted in the statutory definitions, both BE and product quality BA focus on the release of a 
drug substance from a drug product and subsequent absorption into the systemic circulation. As 
a result, we recommend that similar approaches to measuring BA in an NDA generally be 
followed in demonstrating BE for an NDA or an ANDA. Establishing product quality BA is a 
benchmarking effort with comparisons to an oral solution, oral suspension, or an intravenous 
formulation- In contrast, demonstrating BE is usually a more formal comparative test that uses 
specified criteria for comparisons and predetermined BE limits for such criteria. 

/. IND/SDAs 

BE documentation can be useful during the IND or NDA period to establish links 
between (1) early and late clinical trial formulations; (2) formulations used in clinical 
trial and stability studies, if different: (3) clinical trial formulations and to-be-marketed 
drug product; and (4) other comparisons, as appropriate. In each comparison, the new 
formulation or new method of manufacture is the test product and the prior formulation 
or method of manufacture is the reference product. We recommend that the 
determination to redocument BE during the IND period be generally left to the judgment 
of the sponsor, who can wish to use the principles of relevant guidances (in this guidance, 
see sections U.C.3, Postapproval Changes, and BED, in Vitro Studies) to determine when 
changes in components, composition, and/or method of manufacture suggest further in 
vitro and/or in vivo studies be performed. 

A test product can fail to meet BE limits because the test product has higher or lower 
measures of rate and extent of absorption compared to the reference product or because 
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rhe performance of the test or reference product is more variable, [n some cases, 
nondocumcnlation of BE can arise because of inadequate numbers of subjects in the 
study relative to the magnitude of intrasubject variability, and not because of either high 
or low relative HA of the test product. Adequate design and execution of a BE study will 
facilitate understanding of the causes of nondocumcnlation of BE. 

Where the test product generates plasma levels that are substantially above those of the 
reference product, the regulatory concern is not therapeutic failure, but the adequacy of 
the safety database from the test product. Where the test product has levels that are 
substantially below those of the reference product, the regulatory concern becomes 
therapeutic efficacy. When the variability of the test product rises, the regulatory concern 
relates to both safety and efficacy, because it may suggest that the test product does not 
perform as well as the reference product, and the test product may be too variable to be 
clinically useful. 

Proper mapping of individual dose-response or concentration-response curves is useful in 
situations where the drug product has plasma levels that are either higher or lower than 
the reference product and are outside usual BF. limits. In the absence of individual data, 
population dose-response or concentration-response data acquired over a range of doses, 
including doses above the recommended therapeutic doses, may be sufficient to 
demonstrate that the increase in plasma levels would not be accompanied by additional 
risk. Similarly, population dose- or concentration-response relationships observed over a 
lower range of doses, including doses below the recommended therapeutic doses, may be 
able to demonstrate that reduced levels of the test product compared to the reference 
product are associated with adequate efficacy. In either event, the burden is on the 
sponsor to demonstrate the adequacy of the clinical trial dose-response or concentration- 
response data to provide evidence of therapeutic equivalence. In the absence of this 
evidence, failure to document BE may suggest the product should be reformulated, the 
method of manufacture lor the test product be changed, and/or the BO study be repeated. 

ANDAs 

BE studies are a critical component of AN DA submissions. The purpose of these studies 
is to demonstrate BE between a pharmaceutical^ equivalent generic drug product and the 
corresponding reference listed drug (21 CFR 314.94 (a)(7)). Together with the 
determination of pharmaceutical equivalence, establishing BE allows a regulatory 
conclusion of therapeutic equivalence. 

3. Postxipproval Changes 

Information on the types of in vitro dissolution and in vivo BE studies that we 
recommend be conducted for immediate-release and modified-rclcase drug products 
approved as either NDAs or ANDAs in the presence of specified postapproval changes is 
provided in the FDA guidances for industry entitled SUPAC-IR: Immediate Release 
Solid Oral Dosage Forms: Scale-Up and Post-Approval Changes: Chemistry, 
Manufacturing, and Controls, In Vitro Dissolution Testing, and In Vivo Bioequivalence 
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Documentation; and SUP AC-MR: Modified Release Solid Oral Dosage Forms: Scale- 
Up ami Post -Approval Changes: Chemistry, Manufacturing, and Controls, In Vitro 
Dissolution Testing and In Vivo Bioequiva'lence Documentation. In the presence of 
certain major changes in components, composition, and/or method of manufacture after 
approval, we recommend that in vivo BE be rcdemonstrated. For approved NDAs, we 
also recommend that the drug product after the change be compared to the drug product 
before the change. For approved ANDAs, we also recommend that the drug product after 
the change be compared to the reference listed drug. Under section 506Ai c)(2 ( (!) uf the 
Federal Food, Drug, and Cosmetic Act (the Act) (21 U.S.C. 356afc)(2)(B)). postapproval 
changes requiring completion of studies in accordance with part 320 must be submitted in 
a supplement and approved by FDA before distributing a drug product made with the 
change. 



III. METHODS TO DOCUMENT HA AND HE 

As noted in § 320.24, several in vivo and in vitro methods can be used to measure product 
quality BA and to establish BE. In descending order of preference, these include 
pharmacokinetic, pharmacodynamic, clinical, and in vitro studies. These general approaches are 
discussed in the following sections of this guidance. Product quality BA and BE frequently rely 
on pharmacokinetic measures such as AUC and Umax that are reflective of systemic exposure.' 

A. Pharmacokinetic Studies 

/. General Considerations 

The statutory definitions of BA and BE, expressed in terms of rate and extent of 
absorption of the active ingredient or moiety to the site of action, emphasize the use of 
pharmacokinetic measures in an accessible biological matrix such as blood, plasma, 
and/or serum to indicate release of the drug substance from the drug product into the 
systemic circulation. "Fhis approach rests on an understanding that measuring the active 
moiety or ingredient at the site of action is generally not possible and. furthermore, that 
some relationship exists between the efficacy'safety and concentration of active moiety 
and/or its important metabolite or metabolites in the systemic circulation. To measure 
product quality BA and establish BE, reliance on pharmacokinetic measurements may be 
viewed as a bioassay that assesses release of the drug substance from the drug product 
into the systemic circuiation. A typical study is conducted as a crossover study, In this 
type of study, clearance, volume of distribution, and absorption, as determined by 
physiological variables (e.g. gastric emptying, motility, pH), are assumed to have less 
interoccasion variability compared to the variability arising from formulation 
performance. Therefore, differences between two products because of formulation 
factors can be determined. 



* If serial measurements of Die drug or Us metabolites in plasma, scrum, :m bloori cannot be accomplished, 
measurement of urinary excretion can be used to document BE. 



6 



Contains Nonbindinjt Recommendations 



2. Pilot Study 

If the sponsor chooses, a pilot study in a small number of subjects can be carried out 
before proceeding with a full BE study. The study can be used to validate analytical 
methodology, assess variability, optimize sample collection time intervals, and provide 
other information. For example, tor conventional immediate-release products, careful 
timing of initial samples may avoid a subsequent finding in a full-scale study (hat the first 
sample col lection occurs alter the plasma concentration peak. For modified-release 
products, a pilot study can help determine the sampling schedule to assess lag time and 
dose dumping. A pilot study thai documents BK can be appropriate, provided its design 
and execution are suitable and a sufficient number of subjects (e.g., 12) have completed 
the study. 

i. Pivotal Bioequivalence Studies 

General recommendations for a standard BE study based on pharmacokinetic 
measurements are provided in Attachment A. 

4. Study Designs 

Nonreplicate crossover study designs are recommended for BE studies of immediate- 
release and modified-release dosage forms. However, sponsors and/or applicants have 
the option of using replicate designs for BE studies for these drug products. Replicate 
study designs may offer several scientific advantages compared to nonreplicate designs, 
The advantages of replicate study designs may be that they (1) allow comparisons of 
within-subject variances for the test and reference products, (2) provide more information 
about the intrinsic factors underlying formulation performance, and (3) reduce the 
number of subjects participating in the BE study. The recommended method of analysis 
of nonreplicate or replicate studies to establish BE is average bioequivalence, as 
discussed in section IV. General recommendations for nonreplicate study designs are 
provided in Attachment A. Recommendations for replicate study designs can be found in 
the guidance for industry Statistical Approaches to Establishing Bioequivalence. 

5. Study Population 

We recommend that, unless otherwise indicated by a specific guidance, subjects recruited 
for in vivo BE studies be 1 8 years of age or older and capable of giving informed 
consent. This guidance recommends that in vivo BE studies be conducted in individuals 
representative of the general population, taking into account age, sex, and race. We 
recommend that if the drug product is intended for use in both sexes, the sponsor attempt 
to include similar proportions of males and females in the study. If the drug product is to 
be used predominantly in the elderly, we also recommend that the sponsor attempt to 
include as many subjects of 60 years of age or older as possible. We recommend that the 
total number of subjects in the study provide adequate power for BE demonstration, but it 
is not expected that there will be sufficient power to draw conclusions for each subgroup. 
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Statistical .analysis of subgroups is not recommended. We recommend that restrictions 
on admission into the study generally be based solely on safety considerations. In some 
instances, it may be useful to admit patients into BE studies for whom a drug product is 
intended. In this situation, we recommend that sponsors and/or applicants attempt to 
enter patients whose disease process is stable for the duration of the BE study. In 
accordance with § 320.3 1 , for some products that will be .submitted in ANDAs, an 1ND 
may be required for BE studies to ensure patient safety. 

6. Single-Dose/Multiple-Dose Studies 

Instances where multiple-dose studies can be useful are defined under 
§ 320.27(a)(3). However, this guidance generally recommends single-dose 
pharmacokinetic studies for both immediate- and modified-release drug products to 
demonstrate BE because they are generally more sensitive in assessing release of the 
drug substance from the dmg product into the systemic circulation (see section V). We 
recommend that if a multiple-dose study design is important, appropriate dosage 
administration and sampling be carried out to document attainment of steady state. 

7. Bioanalytical Methodology 

We recommend sponsors ensure that bioanalytical methods for BA and BE studies are 
accurate, precise, selective, sensitive, and reproducible. A separate FDA guidance 
entitled Bioanalytical Method Validation is available to assist sponsors in validating 
bioanalytical methods. 

8. Pharmacokinetic Measures of Systemic Exposure 

Both direct (e.g., rate constant, rate profile) and indirect (e.g., Cmax, Tmax, mean 
absorption time, mean residence time, Cmax normalized to AUC) pharmacokinetic 
measures are limited in their ability to assess rate of absorption. This guidance, therefore, 
recommends a change in focus from these direct or indirect measures of absorption rate 
to measures of systemic exposure. Cmax and AUC can continue to be used as measures 
for product quality BA and BE, but more in terms of their capacity to assess exposure 
than their capacity to reflect rate and extent of absorption. We recommend that reliance 
on systemic exposure measures reflect comparable rate and extent of absorption, which in 
turn would achieve the underlying statutory and regulatory objective of ensuring 
comparable therapeutic effects. Exposure measures are defined relative to early, peak, 
and total portions of the plasma, serum, or blood concentration-time profile, as follows: 

a. Early Exposure 

For orally administered immediate-release drug products, BE can generally be 
demonstrated by measurements of peak and total exposure. An early exposure 
measure may be informative on the basis of appropriate clinical efficacy/safety 
trials and/or pharmacokinetic/pharmacodynamic studies that call for better control 
of drug absorption into the systemic circulat ion (e.g., to ensure rapid onset of an 
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analgesic effect or to avoid an excessive hypotensive action of an 
antihypertensive). In this setting, the guidance recommends use of partial AUG as 
an early exposure measure. We recommend that the partial area he truncated at 
the population median of Tmax values for the reference formulation. We also 
recommend that at least two quantifiable samples be collected before the expected 
peak time to allow adequate estimation of the partial area. 

b. Peak Exposure 

We recommend that peak exposure be assessed by measuring the peak drug 
concentration (Cmax) obtained directly from the data without interpolation. 

e. Total Exposure 

For single-dose studies, we recommend that the measurement of total exposure 

• Area under the plasma/serum/blood concentration-time curve from time 
zero to time t (AUCo-0, where t is the last time point with measurable 
concentration for individual formulation. 

• Area under the plasma/serum/blood concentration-time curve from time 
zero to time infinity (AUC 0 ^), where AUC 0 .„ = AUC () . t + C,/5w, C, is the 
last measurable drug concentration and ~k 7 , is the terminal or elimination 
rate constant calculated according to an appropriate method. We 
recommend that the terminal half-life (ti, 2 ) of the drug also be reported. 

For steady-state studies, we recommend that the measurement of total exposure be 
the area under the plasma, serum, or blood concentration-time curve from time 
zero to time tau over a dosing interval at steady state (AUC 0 ., aiI ), where tau is the 
length of the dosing interval. 

B. Pharmacodynamic Studies 

Pharmacodynamic studies are not recommended for orally administered drug products when the 
drug is absorbed into the systemic circulation and a pharmacokinetic approach can be used to 
assess systemic exposure and establish BE. However, in those instances where a 
pharmacokinetic approach is not possible, suitably validated pharmacodynamic methods can be 
used to demonstrate BE. 

C. Comparative Clinical Studies 

Where there are no other means, well-controlled clinical trials in humans can be useful to 
provide supportive evidence of BA or BE. However, we recommend that the use of comparative 
clinical trials as an approach to demonstrate BE generally be considered insensitive and be 
avoided where possible (21 CFR 320.24). The use of BE studies with clinical trial endpoints can 
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be appropriate to demonstrate BE for orally administered drug products when measurement of 
the active ingredients or active moieties in an accessible biological fluid (pharmacokinetic 
approach) or pharmacodynamic approach is infeasible, 

D. In Vitro Studies 

Under certain circumstances, product quality BA and BF. can be documented using in vitro 
approaches (21 CFR 320.24(b)(5) and 21 CFR 320.22(d)(3)). for highly soluble, highly 
permeable, rapidly dissolving, and orally administered drug products, documentation of BE 
using an in vitro approach (dissolution studies) is appropriate based on the biopharmaceutics 
classification system.' This approach may also be suitable under some circumstances in 
assessing BE during the IND period, for NDA and ANDA submissions, and in the presence of 
certain postapproval changes to approved NDAs and AND. As. In addition, in vitro approaches to 
documenting BE for nonbinprobkm drugs approved before 1962 remain appropriate (21 CFR 



Dissolution testing is also used to assess batch-to-batch quality, where the dissolution tests, with 
defined procedures and acceptance criteria, are used to allow batch release. We recommend that 
dissolution testing is also used to (1 ) provide process control and quality assurance, and (2) 
assess whether further BE studies relative to minor postapproval changes be conducted, where 
dissolution can function as a signal of bioinequi valence. In vitro dissolution characterization is 
encouraged for all product formulations investigated (including prototype formulations), 
particularly if in vivo absorption characteristics are being defined for the different product 
formulations. Such efforts may enable the establishment of an in vitro-in vivo correlation. 
When an in vitro-in vivo correlation or association is available (21 CFR 320.24(b)(1)(h)), the in 
vitro test can serve not only as a quality control specification for the manufacturing process, but 
also as an indicator of how the product will perform in vivo. The following guidances provide 
recommendations on the development of dissolution methodology, setting specifications, and the 
regulatory applications of dissolution testing: (1 ) Dissolution Testing of Immediate Release Solid 
Oral Dosage Forms; and (2) Extended Release Oral Dosage Forms: Development, Evaluation, 
and Application of In Vitro/In Vivo Correlations. 

We recommend that the following information generally be included in the dissolution method 
development report for solid oral dosage forms: 

For an NDA: 

• The pH solubility profile of the drug substance 

• Dissolution profiles generated at different agitation speeds (e.g., 1 00 to 1 50 
revolutions per minute (rpm) for U.S. Pharmacopeia (USP) Apparatus 1 (basket), or 
50 to 100 rpm for USP Apparatus II (paddle)) 



Sec the PDA guidancs tor industry on Waher c> In Vivo Bioavailability and Bioequivatence Studies tor Immediate 
Urease S, i.-J < >ral Dosage Forms Basea or. a Bmpharmaceutks C lassilkaUon System. This documenl provides 
complementary information on the Biopharmaceutics Classification System (BCS). 
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• Dissolution profiles generated on all strengths in at least three dissolution media (e.g., 
pH 1.2, 4.5, and 6.8 buffer). Water can he used as an additional medium, [f the drug ' 
being considered is poorly soluble, appropriate concentrations of .surfactants are 
recommended. 

It is recommended that the sponsor select the agitation speed and medium that provide adequate 
discriminating ability, taking into account all the available in vitro and in vivo data. 

For ANDAs; 

• For immediate-release drug products, we recommend that the appropriate U'SP 
method be submitted. If there is no USP method available, we recommend that the 
FDA method for the reference listed drug be used. If the USP and/or FDA methods 
are not available, we recommend that the dissolution method development report 
described above be submitted. 

• For modiried-release products, dissolution profiles using the appropriate USP method 
(if available) can be submitted. If there is no USP method available, we recommend 
that the FDA method for the reference listed drug be used. In addition, we 
recommend that profiles using at least three other dissolution media (e.g., pH 1 .2, 4.5, 
and 6.8 buffer) and water be submitted. 

This guidance recommends that dissolution data from three batches for both NDAs and ANDAs 
be used to set dissolution specifications for modi fied-release dosage forms, including extended- 
release dosage forms. 



IV. COMPARISON OF BA MEASURES IN BE STUDIES 

An equivalence approach has been and continues to be recommended for BE comparisons. The 
recommended approach relies on (1) a criterion to allow the comparison, (2) a confidence 
interval tor the criterion, and (3) a BE limit. Uog-transformation of exposure measures before 
statistical analysis is recommended. BE studies are performed as single-dose, crossover studies. 
To compare measures in these studies, data have been analyzed using an average BE criterion. 
Fhis guidance recommends continued use of an average BE criterion to compare BA measures 
for replicate and nonreplicate BE studies of both immediate- and modified-release products. 



V. DOCUMENTATION OF BA AND BE 

An in vivo study is generally recommended for all solid oral dosage forms approved after 1962 
and for bioproblem drug products approved before 1962. Waiver of in vivo studies for different 
strengths of a drug product can be granted under § 320.22(d)(2) when (1) the drug product is in 
the same dosage form, but in a different strength; (2) this different strength is proportionally 
similar in its active and inactive ingredients to the strength of the product for which the same 
manufacturer has conducted an appropriate in vivo study; and (3) the new Strength meets an 
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appropriate in vitro dissolution test. This guidance defines proportionally similar in the 
following ways: 

■ All active and inactive ingredients are in exactly the same proportion between 
different strengths (e.g., a tablet of 50-mg strength has all the inactive ingredients, 
exactly half that of a tablet of 1 00-mg strength, and twice that of a tablet "of 25-mg 
strength), 

• Active and inactive ingredients are not in exactly the same proportion between 
different strengths as stated above, but the ratios of inactive ingredients to total 
weight of the dosage form are within the limits defined by the SUPAC-IR and 
SUPAC-MR guidances up to and including Level II. 

• For high potency drug substances, where the amount of the active drug substance in 
the dosage form is relatively low, the total weight of the dosage form remains nearly 
the same for all strengths (within r 10 % of the total weight of the strength on which 
a biostudy was performed), the same inactive ingredients are used for all strengths, 
and the change in any strength is obtained by altering the amount of the active 
ingredients and one or more of the inactive ingredients. The changes in the inactive 
ingredients are within the limits defined by the SUPAC-IR and SUPAC-MR 
guidances up to and including Level II. 

Exceptions to the above definitions may be possible, if adequate justification is provided. 



For oral solutions, elixirs, syrups, tinctures, or other solubilized forms, in vivo DA and/or BE can 
be waived (21 CFR 320.22(b)(3)(i)). Generally, in vivo BE studies are waived for solutions on 
the assumption that release of the drug substance from the drug product is self-evident and that 
the solutions do not contain any excipient that significantly affects drug absorption (21 CFR 
320.22(b)(3)(iii)). However, there are certain excipients, such as sorbitol or mannitol, that can 
reduce the bioavailability ol'drugs with low intestinal permeability in amounts sometimes used 
in oral liquid dosage forms. 

B. Suspensions 

We recommend that BA and BE for a suspension generally be established for immediate-release 
solid oral dosage forms, and both in vivo and in vitro studies are recommended. 

C. Immediate-Release Products: Capsules and Tablets 

/. General Recommendations 

For product quality BA and BE studies, we recommend that where the focus is on release 
of the drug substance from the drug product into the systemic circulation, a siniile-dosc, 
fasting study be performed. We also recommend that in vivo BE studies be accompanied 
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by in vitro dissolution profiles on all strengths of each product. For AND, As. we al so 
recommend that the BE study be conducted between the test product and reference listed 
drug using the strength(s) specified in Approved Drug Products with Therapeutic 
Equivalence Evaluations (Orange Book). 

2. Waivers of In Vivo RE Studies > Biowaivers; 

a. INDs, NDAs, and AND As: 1'reapproval 

When the drug product is in the same dosage form, but in a different strength, and 
is proportionally similar in its active and inactive ingredients to the strength on 
which BA or BE testing has been conducted, an in vivo BE demonstration of one 
or more lower strengths can be waived based on dissolution tests and an in vivo 
study on the highest strength. s 

for an NDA, biowaivers of a higher strength will be determined to be appropriate 
based on ( 1) clinical safety and/or efficacy studies including data on the dose and 
the desirability of the higher strength, (2) linear elimination kinetics over the 
therapeutic dose range, (3) the higher strength being proportionally similar to the 
lower strength, and (4) the same dissolution procedures being used for both 
strengths and similar dissolution results obtained. We recommend that a 
dissolution profile be generated for all strengths. 

[fan appropriate dissolution method has been established (see section 111.0.), and 
the dissolution results indicate that the dissolution characteristics of the product 
are not dependent on the product strength, then dissolution profiles in one 
medium are usually sufficient to support waivers of in vivo testing. Otherwise, 
dissolution data in three media (pH 1 .2, 4.5, and 6.8) are recommended. 
We recommend that the f 2 test be used to compare profiles from the different 
strengths of the product. An f 2 value > 50 indicates a sufficiently similar 
dissolution profile such that further in vivo studies arc not needed. For an f 2 value 
< 50, further discussions with CDER review staff may help to determine whether 
an in vivo study is appropriate (21 CFR 320.22(d)(2)(ii)). The f 2 approach is not 
suitable for rapidly dissolving drug products (e.g., > 85% dissolved in 15 minutes 
or less). 

For an AND A, conducting an in vivo study on a strength that is not the highest 
may be appropriate for reasons of safety, subject to approval by the Division of 
Bioequivalence, Office of Generic Drugs, and provided that the following 
conditions are met: 

• Linear elimination kinetics has been shown over the therapeutic dose range. 



* This recommendation modifies a prior policy of allowing biowaivers for only three lower strenuths on ANDAs. 
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• The higher strengths of the test and reference products are proportionally 
similar to their corresponding lower strength. 

• Comparative dissolution testing on the higher strength of the test and 
rel'erence products is submitted and found to be appropriate. 

h. NDAs and ANDAs: PosLapproval 

Information on the types of in vitro dissolution and in vivo BE studies for 
immediate-release drug products approved as either NDAs or ANDAs in the 
presence of specified postapproval changes are pro\ ided in an FDA guidance for 
industry entitled SUPAC-IR: Immediate Release Solid Oral Dosage Forms: 
Scale-Up and Post-Approval Changes: Chemistry, Manufacturing, and Controls. 
In Vitro Dissolution Testing, and In Vivo llioequivalence Documentation. For 
postapproval changes, wc recommend that the in vitro comparison be made 
between the prechange and postchange products. In instances where dissolution 
profile comparisons arc suggested, we also recommend an f> test be used. An t\ 
value of > 50 suggests a sufficiently similar dissolution profile and no further in 
vivo studies are needed. When in vivo BE studies are called for, we recommend 
that the comparison be made for NDAs between the prechange and postchange 
products, and for ANDAs between the postchange and reference listed drug 
products. 

D. Modified-Release Products 

Modified-relcase products include delayed-release products and extended- (controlled) release 
products. 

As defined in the USP, delayed-release drug products are dosage forms that release the drugs at a 
time later than immediately after administration (i.e., these drug products exhibit a lag time~in 
quantifiable plasma concentrations). Typically, coatings (e.g., enteric coatings) are intended to 
delay the release of medication until the dosage form has passed through the acidic medium of 
the stomach. In vivo tests for delayed-release drug products are similar to those for extended- 
release drug products. We recommend that in vitro dissolution tests for these products document 
that they are stable under acidic conditions and that they release the drug only in a neutral 
medium (e.g., pH 6.8). 

Extended-release drug products are dosage forms that allow a reduction in dosing frequency as 
compared to when the drug is present in an immediate-release dosage form. These drug products 
can be developed to reduce fluctuations in plasma concentrations. Extended-release products 
can be capsules, tablets, granules, pellets, and suspensions. If any part of a drug product includes 
an extended-release component, the following recommendations apply. 

I. NDAs: BA and BE Studies 
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An N DA can be .submitted for a previously unapproved new molecular entity, new sail, 
new ester, prodrug, or other noncovalent derivative of a previously approved new 
molecular entity formulated as a modified-release drug product. We recommend that the 
first modified-release drug product for a previously approved immediate-release drui> 
product be submitted as an NDA. We also recommend that subsequent modified-release 
products that are pharmaceutical^ equivalent and bioequivalent to the listed drug product 
be submitted as AND As. BA requirements for the NDA of an extended-release product 
are listed in § 320.25(1). The purpose of an in vivo BA study for which a comrolled- 
release claim is made is to determine if all of the following conditions are met: 

• The drug product meets the controiled-release claims made for it. 

■ The BA profile established for the drug product rules out the occurrence of any dose 
dumping. 

• The drug product's steady-state performance is equivalent to a currently marketed 
noncontrolled release or controiled-release drug product that contains the same active 
drug ingredient or therapeutic moiety and that is subject to an approved full NDA. 

• I he drug product's formulation provides consistent pharmacokinetic performance 
between individual dosage units. 

As noted in § 320.25(f)(2), -the reference material(s) for such a bioavailability study 
shall be chosen to permit an appropriate scientific evaluation of the controlled release 
claims made for the drug product," such as: 

• A solution or suspension of the active drug ingredient or therapeutic moiety 

• A currently marketed noncontrolled-release drug product containing the same active- 
drug ingredient or therapeutic moiety and administered according to the dosage 
recommendations in the labeling 

• A currently marketed controiled-release drug product subject to an approved full 
NDA containing the same active drug ingredient or therapeutic moiety and 
administered according to the dosage recommendations in the labeling 

This guidance recommends that the following BA studies be conducted for an extended- 
release drug product submitted as an NDA: 

• A single-dose, fasting study on all strengths of tablets and capsules and highest 
strength of beaded capsules 

• A single-dose, food-effect study on the highest strength 
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• A steady-state study on the highest strength 

BE studies are recommended when substantial changes in the components or composition 
and/or method of manufacture for an extended-release drug product occur between the to- 
be-marketed NDA dosage form and the clinical trial material. 

ASDAs: BE Studies 

For modifiod-rciease products submitted as AN'DAs. the following studies are 
recommended: (11a singie-dosc, nonreplicate, fasting study comparing the highest 
strength of the test and reference listed drug product and (2) a food-effect, nonreplicate 
study comparing the highest strength of the test and reference product (see section VI. A). 
Because single-dose studies arc considered more sensitive in addressing the primary 
question of BE (i.e.. release of the drug substance from the drug product into the systemic 
circulation), multiple-dose studies are generally not recommended, even in instances 
where nonlinear kinetics are present. 

J. Waivers of In Vivo BE Studies (Biowuivers): NDAx and AND As 

a. Beaded Capsules — Lower Strength 

We recommend that for modified-release beaded capsules where the strength 
differs only in the number of beads containing the active moiety, a single-dose, 
fasting BE study be carried out only on the highest strength, with waiver of in 
vivo studies for lower strengths based on dissolution proriles, A dissolution 
profile can be generated for each strength using the recommended dissolution 
method. The t\ test can be used to compare profiles from the different strengths 
of the product. An f 2 value of > 50 can be used to confirm that further in vivo 
studies are not needed. 

b. Tablets — Lower Strength 

For modified-release tablets, when the drug product is in the same dosage form 
but in a different strength, when it is proportionally similar in its active and 
inactive ingredients, and when it has the same drug release mechanism, an in vivo 
BE determination of one or more lower strengths can be waived based on 
dissolution profile comparisons, with an in vivo study only on the highest 
strength. We recommend that the drug products exhibit similar dissolution 
profiles between the highest strength and the lower .strengths based on the t\ test 
in at least three dissolution media (e.g., pH 1.2, 4.5 and 6.8). We recommend that 
the dissolution profile be generated on the test and reference products of all 
strengths. 

4. Postapproval Changes 
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Information on the types of in vitro dissolution and in vivo BE studies tor extended- 
release drug products approved as either NDAs or AND As in the presence of specified 
postapproval changes are provided in an FDA guidance for industry entitled SUPAC-MR 
Modified Release Solid Oral Dosage Forms: Scale-Up and Post-Approval ( 'ham>e\-' 
Chemistry, Manufacturing, and Controls, In Vitro Dissolution Testing and In Vivo 
Bioemava/ence Documentation. We recommend that for postapproval chances, the in 
vitro comparison be made between the prechange and postchange products, "in instances 
where dissolution profile comparisons are recommended, an f 2 lest can be used. An h 
value of > 50 suggests a similar dissolution profile. A failure to demonstrate similar 
dissolution profiles may indicate an in vivo BE study be performed. When in vivo BE 
studies are conducted, we recommend that the comparison be made for NDAs between 
the prechange and postchange products, and for AND As between the postchange product 
and reference listed drug. 

R. Miscellaneous Dosage Forms 

We recommend that rapidly dissolving drug products, such as buccal and sublingual dosage 
forms (and chewable tablets), be tested for in vilro dissolution and in vivo DA and/or BE. We 
recommend that chewable tablets (as a whole) be subject to in vitro dissolution testing because 
they might be swallowed by a patient without proper chewing. In general, we recommend that in 
vitro dissolution test conditions for chewable tablets be the same as for nonchewable tablets of 
the same active ingredient or moiety. Infrequently, different test conditions or acceptance 
criteria can be indicated for chewable and nonchewable tablets, but we recommend these 
differences, if they exist, be resolved with the appropriate review division. 



VI. SPECIAL TOPICS 

A. Food-Effect Studies 

Co-administration of food with oral drug products may influence drug BA and/or BE. Food- 
effect BA studies focus on the effects of food on the release of the drug substance from the drug 
product as well as the absorption of the drug substance. BE studies with food focus on 
demonstrating comparable BA between test and reference products when coadministered with 
meals. Usually, a single-dose, two-period, two-treatment, two-sequence crossover study is 
recommended for both food-effect BA and BE studies. 

B. Moieties to Be Measured 

I. Parent Drug Versus Metabolites 

The moieties To be measured in biological fluids collected in BA and BE studies are 
either the active drug ingredient or its active moiety in the administered dosage form 
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(parent drug) and. when appropriate, its active metabolites (21 CFR 320.24(b)(l )(i)). s ' 
This guidance recommends the following approaches tor 3A and BE studies. 

For BA studies (see section II. B), we recommend that determination of moieties to be 
measured in biological fluids rake into account both concentration and activity. 
Concentration refers to the relative quantity of the parent drug or one or more metabolites 
in a given volume of an accessible biological fluid such as blood or plasma. Activity 
refers to the relative contribution of the parent drug and its metabolite(s) in the biological 
lluids to the clinical safety and/or efficacy of the drug. For BA studies, we also 
recommend that both the parent drug and its major active metabolites be measured, if 
analytically feasible. 

For BE studies, measurement of only the parent drug released from the dosage form, 
rather than the metabolite, is generally recommended. The rationale for this 
recommendation is that concentration-time profile of the parent drug is more sensitive to 
changes in formulation performance than a metabolite, which is more reflective of 
metabolite formation, distribution, and elimination. The following are exceptions to this 
general approach. 

• Measurement of a metabolite may be preferred when parent drug levels are too low to 
allow reliable analytical measurement in blood, plasma, or serum for an adequate 
length of time. We recommend that the metabolite data obtained from these studies 
be subject to a confidence interval approach for BE demonstration. If there is a 
clinical concern related to efficacy or safety for the parent drug, we also recommend 
that sponsors and/or applicants contact the appropriate review division to determine 
whether the parent drug should be measured and analyzed statistically. 

• A metabolite may be formed as a result of gut wall or other presystemic metabolism. 
[(The metabolite contributes meaningfully to safety and/or efficacy, we also 
recommend that the metabolite and the parent drug be measured. When the relative 
activity of the metabolite is low and does not contribute meaningfully to safety and/or 
efficacy, it does not have to be measured. We recommend that the parent drug 
measured in these BE studies be analyzed using a confidence interval approach. The 
metabolite data can be used to provide supportive evidence of comparable therapeutic 
outcome. 

J. Enantiomers Versus Racematcs 

For BA studies, measurement of individual enantiomers may be important. For BE 
studies, this guidance recommends measurement of the raccmatc using an achiral assay. 
Measurement of individual enantiomers in BE studies is recommended only when all of 



'' A dosage form contains active and, usually, inactive ingredients. The active ingredient may be a prodrug that 
becomes active with further in vivo transformation. An active moiety is the molecule or ion, excluding those 
appended portions of the molecule that cause the drug to be an ester, salt, or other noncov nent derivative of the 
molecule, responsible for the physiological or pharmacological action of the drug substance. 
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the following conditions arc met: (I ) the enantiomers exhibit different pharmacodynamic 
characteristics. \2) the enantiomers exhibit different pharmacokinetic characteristics. ( 3) 
primary efficacy and safety activity resides with the minor enantiomcr, and (4) nonlinear 
absorption is present ( as expressed by a change in the enantiomer concentration ratio with 
change in the input rare of the drug) for at least one of the enantiomers. In such cases, we 
recommend that HI- factors be applied to the enantiomers separately. 

3. Drug Product): With Complex Mixtures as the Active Ingredients 

Certain drug products may contain complex drug substances (i.e., active moieties or 
active ingredients that are mixtures of multiple synthetic and/or natural source 
components). Some or ail of the components of these complex drug substances cannot be 
characterized with regard to chemical structure and/or biological activity. Quantification 
of all active or potentially active components in pharmacokinetic studies to document BA 
and BE is neither encouraged nor desirable. Rather, we recommend that BA and BE 
studies be based on a .small number of markers of rate and extent of absorption. 
Although a case-by-case determination, criteria for marker selection include amount of 
the moiety in the dosage form, plasma or blood levels of the moiety, and biological 
activity of the moiety relative to other moieties in the complex mixture. Where 
pharmacokinetic approaches are infeasible to assess rate and extent of absorption of a 
drug substance from a drug product, in vitro approaches may be preferred. 
Pharmacodynamic or clinical approaches may be called for if no quantifiable moieties are 
available for in vivo pharmacokinetic or in vitro studies. 

C. Long Half-Life Drugs 

In a BA or pharmacokinetic study involving an oral product with a long half-life drug, adequate 
characterization of the half-life calls for blood sampling over a long period of time. For a BR 
determination of an oral product with a long half-life drug, a nonreplicatc, single-dose, crossover 
study can be conducted, provided an adequate washout period is used. If the crossover study is 
problematic, a BE study with a parallel design can be used. For either a crossover or parallel 
study, we recommend that sample collection time be adequate to ensure completion of 
gastrointestinal transit (approximately 2 to 3 days) of the drug product and absorption of the drug 
substance. Cmax and a suitably truncated AUG can be used to characterize peak and total drug 
exposure, respectively. For drugs that demonstrate low intrasubject variability in distribution 
and clearance, an AUG truncated at 72 hours (AUCo.Tzhr) can be used in place of AUG IM or 
AUCo-,,.. For drugs demonstrating high intrasubject variability in distribution and clearance, 
AUC truncation warrants caution. In such cases, we also recommend that sponsors and/or 
applicants consult the appropriate review staff. 

D, First Point Cmax 

The first point of a concentration-time curve in a BE study based on blood and/or plasma 
measurements is sometimes the highest point, which raises a question about the measurement of 
true Cmax because of insufficient early sampling times. A carefully conducted pilot study may 
avoid this problem. Collection of an early time point between 5 and 1 5 minutes after dosing 
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followed by additional sample collections (e.g., two to rive) in the first hour alter dosing may he 
sufficient to assess early peak concentrations. If this sampling approach is followed, we 
recommend that data sets be considered adequate, even when the highest observed concentration 
occurs at the first lime point. 

E. Orally Administered Drugs Intended for Local Action 

Documentation of product quality BA for NDAs where the drug substance produces its effects 
by local action in the gastrointestinal tract can be achieved using clinical efficacy and safety 
studies and/or suitably designed and validated in vitro studies. Similarly, documentation of BR 
for AND As, and for both NDAs and AND As in the presence of certain posiapproval changes, 
can be achieved using BE studies with clinical efficacy and safety endpoints and/or suitably 
designed and validated in vitro studies, if the latter studies arc cither reflective of important 
clinical effects or are more sensitive to changes in product performance compared to a clinical 
study. To ensure comparable safety, additional studies with and without food may help to 
understand the degree of systemic exposure that occurs following administration of a drug 
product intended for local action in the gastrointestinal tract. 

F. Narrow Therapeutic Range Drugs 

This guidance defines narrow therapeutic range u) drug products as containing certain drug 
substances subject to therapeutic drug concentration or pharmacodynamic monitoring, and/or 
where product labeling indicates a narrow therapeutic range designation. Examples include 
digoxin, lithium, phenytoin, theophylline, and warfarin. Because not all drugs subject to 
therapeutic drug concentration or pharmacodynamic monitoring are narrow therapeutic range 
drugs, sponsors and/or applicants can contact the appropriate review division at CDER to 
determine whether a drug can or cannot be considered to have a narrow therapeutic range. 

This guidance recommends that sponsors consider additional testing and'or controls to ensure the 
quality of drug products containing narrow therapeutic range drugs. The approach is designed to 
provide increased assurance of interchange-ability for drug products containing specified narrow 
therapeutic range drugs. It is not designed to influence the practice of medicine or pharmacy. 

I 'niess otherwise indicated by a specific guidance, this guidance recommends that the traditional 
BE limit of 80 to 1 25 percent for non-narrow therapeutic range drugs remain unchanged for the 
bioavailability measures (AL'C and Cmax) of narrow therapeutic range drugs. 



' This guidance uses the term narrow therapeutic range instead of narrow therapeutic index drug, although the 
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ATTACHMENT: GENERAL PHARMACOKINETIC STUDY DESIGN 
AND DATA HANDLING 



For both replicate and nonreplicate, in vivo pharmacokinetic BE studies, the following general 
approaches are recommended, recognizing that the elements can be adjusted lor eertairfdrug 
substances and drug products. 

Study conduct: 

• The test or reference products can be administered with about 8 ounces (240 milliliters) of 
water to an appropriate number of subjects under fasting conditions, unless the study is a 
food-effect BA and BK study. 

• Generally, the highest marketed strength can be administered as a single unit. If warranted 
for analytical reasons, multiple units of the highest strength can be administered, providing 
the total single-dose remains within the labeled dose range. 

• An adequate washout period (e.g., more than 5 half lives of the moieties to be measured) 
would separate each treatment. 

• The lot numbers of both test and reference listed products and the expiration date for the 
reference product would be stated. The drug content of the test product cannot differ from 
that of the reference listed product by more than 5 percent. The sponsor can include a 
statement of the composition of the test product and, if possible, a side-by-side comparison of 
the compositions of test and reference listed products. In accordance with § 320.38, samples 
of the test and reference listed product must be retained for 5 years. 

• Before and during each study phase, we recommend that subjects (1 ) be allowed water as 
desired except for 1 hour before and after drug administration, (2) be provided standard 
meals no less than 4 hours after drug administration, and (3) abstain from alcohol for 24 
hours before each study period and until after the last sample from each period is collected. 



Sample collection and sampling times: 
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We recommend that under normal circumstances, blood, rather than unne or tissue, be used. 
In most cases, drug, or metabolites are measured in serum or plasma. However, in certain 
cases, whole blood may be more appropriate tor analysis. We recommend :hat blood sample 
be drawn at appropriate times to describe the absorption, distribution, and climinauon phase- 
ot the drug. For most drugs, we recommend tf ' ' ' 



sample, be collected per subject per dose. This sampHn 
more terminal half lives of the drug. The exact timing I 



A three 
1 depends or 



nature of the drug and the input from the administered dosage form. The sample ...... 

can be spaced in such a way that the maximum concentration of the drug m the bloo7(Cmax ) 
and terminal elimination rate constant (XJ can be estimated accurately At least three to four 
samples can be obtained during the terminal log-linear phase to obtain an accurate estimate 
of X 7 from linear regression. We recommend that the actual clock time when samples are 
drawn as well as the elapsed time related to drug administration be recorded, 

Subjects with predose plasma concentrations: 

• If the predose concentration is < 5 percent of Cmax value in that subject, the subject's data 
without any adjustments can be included in all pharmacokinetic measurements and 
calculations. We recommend that if the predose value is > than 5 percent of Cmax, the 
subject be dropped from all BF study evaluations. 

Data deletion due to vomiting: 

• We recommend that data from subjects who experience emesis during the course of a BE 
study for immediate-release products be deleted from statistical analysis if vomiting occurs at 
or before 2 times median Tmax. In the case of modified-release products, the data from 
subjects who experience emesis any time during the labeled dosing interval can be deleted. 

The following pharmacokinetic information is recommended for submission: 

• Plasma concentrations and time points 

• Subject, period, sequence, treatment 

• AUG,,-,, AUC 0 . W , Cmax, Tmax, X 7 , and t l/2 

• Intersubject, intrasubject, and/or total variability, if available 

• Cmin (concentration at the end of a dosing interval), Cav (average concentration during a 
dosing interval), degree of fluctuation [(Cmax-Cmin)/Cav], and swing [(Cmax-Cmin)/Cminj 
it steady-state studies are emp!o\ed 

• Partial ALT, requested only as discussed in section III. A.9.a. 



In addition, we recommend that the following statistical information be provided for AUC 0 .„ 
AUG,.,*,, and Cmax: 
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• Geometric mean 

• Arithmetic mean 

• Ratio of means 

• Confidence intervals 

W e also recommend that logarithmic transformation be provided for measures used for !3E 
demonstration. 

Rounding off of confidence interval values: 

• We recommend that confidence interval (CI) values not be rounded off: therefore, to pa: 
CI limit of 80 to 125, the value would be at least 80.00 and not more than 1 25.00. ' 
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ABSTRACT 

Most of the new chemical entities coming out from High- 
throughput screening in drug discovery process are failing due to 
their poor solubility in the water. Poorly water-soluble drugs 
show many problems in formulating them in conventional 
dosage 'orms. One of the critical problems associated with 
poorly soluble drugs is too low bioavailability. The problem is 
even more complex for drugs belonging to BCS CLASS II category, 
as they are poorly soluble in both aqueous and organic media, 
and for those drugs having a log P value of 2. There are number 
of formulation approaches to resolve the problems of low 
solubility and low bioavailaoility. These techniques for solubility 
enhancement have some limitations and hence have limited 
utility in solubility enhancement. Nanotechnology can be used to 
resolve the problems associated with these conventional 
approaches for solubility and bioavailability enhancement. 
Nanotechnology is defined as the science and engineering 
carried out in the nanoscale that is 10"' meters. The present 
article describes the details about nanosuspensions. 
Manosuspensions consist of the pure poorly water-soluble drug 
without any matrix material suspended in dispersion. The review 
article includes the methods of preparation with their 
advantages and disadvantages, characterization and evaluation 
parameters and pharmaceutical applications. A nanosuspension 
not only solves the problems of poor solubility and bioavailability 
but also alters the pharmacokinetics of drug and thus improves 
drug safety and efficacy. 
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INTRODUCTION: Most of the new chemical entities 
(about 40%) coming out from High-throughput 
screening in drug discovery process are failing due 
to their poor solubility in the water \ As per a 
recent report 2 , 46% of the total New Drug 
Applications (NDA) filed between 1995 and 2002 
were BCS class IV, while only 9% were BCS class I 
drugs, revealing that a majority of the approved 
new drugs were water insoluble Because of their 
poor solubility it will become more complicated to 
incorporate them into the conventional dosage 
forms and thus decreasing the bioavailability of the 
drugs 3 . 

The problem is even more complex for drugs 
such as Glibenclamide (belonging to BCS CLASS II) as 
classified by BCS System 4 as they are poorly soluble 
in both aqueous and organic media, and for those 
drugs having a log P value of 2. For class II drugs, 
the rate limiting factor in their intestinal absorption 
is dissolution/solubility and thus the performance of 
these drugs is dissolution rate-limited and is 
affected by the fed/fasted state of the patient. 
Dissolution rates of sparingly soluble drugs are 
greatly affected by the shape as well as the particle 
size of the drug. Therefore decrease in particle size 
results in an increase in dissolution rate ~ J . There are 
number of formulation approaches that can be used 
to resolve the problems associated with the low 
solubility and low bioavailability of these class II 
drugs. Some of the approaches to increase solubility 
include micronization s , solubilisation using co- 
solvents, use of permeation enhancers, oily 
solutions, surfactant dispersions 6 , salt formation 7 
and precipitation techniques B ~ 9 . 

Most of these techniques for solubility 
enhancement have advantages as well as some 
limitations and hence have limited utility in 
solubility enhancement. Other techniques used for 
solubility enhancement like microspheres, 
emulsions, microemulsions l0 , liposomes n , super 
critical processing, solid-dispersions 12 and inclusion 



complexes using Cyclodextrins 13 show reasonable 
success but they lack in universal applicability to all 
drugs. These techniques are not applicable to the 
drugs, which are not soluble in both aqueous and 
organic Media. 

However, there still remains an unmet need 
to equip the pharmaceutical industry with particle 
engineering technologies capable of formulating the 
poorly soluble drugs to improve their efficacy and 
to optimize therapy with respect to 
pharmacoeconomics. One such novel technology is 
nanosuspension technology. Nanosuspensions are 
sub-micron colloidal dispersions of nanosized drug 
particles stabilized by surfactants u . 
Nanosuspensions consist of the poorly water- 
soluble drug without any matrix material suspended 
in dispersion 15 . These can be used to enhance the 
solubility of drugs that are poorly soluble in 
aqueous as well as lipid media. As a result of 
increased solubility, the rate of flooding of the 
active compound increases and the maximum 
plasma level is reached faster. 

This is one of the unique advantages that it 
has over other approaches for enhancing solubility. 
This approach is useful for molecules with poor 
solubility, poor permeability or both, which poses a 
significant challenge for the formulators. The 
reduced particle size renders the possibility of 
intravenous administration of poorly soluble drugs 
without any blockade of the blood capillaries. The 
suspensions can also be lyophilised and into a solid 
matrix. Apart from these advantages it is also 
having the advantages of liquid formulations over 
others. In the present review we are mainly 
focussing on the different methods of preparation, 
critical parameters and evaluation of the 
nanosuspension. Fig. 1 shows some of the 
nanosuspensions 1S . 
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A- Gold nanosuspension in water, B -Silver nanosuspension in 
water, C -VOPc (vanadyl phthalacyanine) nanosuspension in 

FIGURE 1: FEW TYPES OF NANOSUSPENSIONS. 

Nanosuspensions differ from nanoparticles 17 which 
are polymeric colloidal carriers of drugs 
(Nanospheres and nanocapsules), and from solid- 
lipid nanoparticles 18 (SLN), which are lipidic carriers 
of drug. The potential benefits of nanoparticles over 
conventional technologies are described in Table 1 



TABLE 1: POTENTIAL BENEFITS OF NANOSUSPENSION 
TECHNOLOGY 



ROUTE OF ADMINISTRATION 



POTENTIAL BENEFITS 



Subcutaneous/ 



Rapid dissolution and 
High bioavailability 
Reduced fed/fasted ra 

Tissue targeting 
Rapid dissolution 
Longer duration of 
systemic circulatior 



Higher bioavailability 

Less irritation 

More consistent dosing 



Higher bioavailability 
Rapid onset 

Reduced tissue irritation 



Preparation of Nanosuspensions: Preparation of 
nanosuspensions were reported to be a more cost 
effective and technically more simpler alternative 
than liposomes and other conventional colloidal 
drug carriers, particularly for poorly soluble drugs 
and yield a physically more stable product. The 
simplest method of preparation of nanosuspensions 
is micronization by colloid or jet milling 20 , which 
improves the dissolution rate but is not having any 
effect on saturation solubility. Nanosuspension 
engineering processes currently used are 
preparation by precipitation, high pressure 
homogenization, emulsion and milling techniques. 
These techniques and the obtained compounds are 
summarized in Table 2 and are briefly described in 
the following sections. Mainly there are two 
methods for preparation of nanosuspensions. The 
conventional methods of precipitation are called 
'Bottom Up technology". The Top Down 
Technologies' are the disintegration methods and 
are preferred over the precipitation methods. These 
include Media Milling (Nanocrystals), High Pressure 
Homogenization in water (Dissocubes), High 
Pressure Homogenization in nonaqueous media 
(Nanopure) and combination of Precipitation and 
High-Pressure Homogenization (Nanoedege). Few 
other techniques used for preparing 
nanosuspensions are emulsion as templates, 
microemulsion as templates etc. 

• Precipitation: The most common method of 
precipitation used is anti solvent addition 
method in which the drug is dissolved in an 
organic solvent and this solution is mixed with a 
miscible antisolvent. Mixing processes vary 
considerably. Precipitation has also been coupled 
with high shear processing. The NANOEDGE 
process (is a registered trademark of Baxter 
International Inc. and its subsidiaries) relies on 
the precipitation of friable materials for 
subsequent fragmentation under conditions of 
high shear and/or thermal energy 32 . 
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Simple process. 
Ease of scale up. 
economical productior 



Growing af crystals .->< 
:,v :,L"fectdnt naditicn 
Drug must be soluble 
solvent. 



t miil»on/MiC'f>cmi.;s!(!( 



Higl ::rug solubih/sMin 

Long shelf life. 

:«e of manufacture. 



it af s.ji'actant and 



Use of hazardous 
production. 



Appiicsale to most af the drugs 
Very dilute as well as highly 
concentrate nanosuspension can be 
prepared. 

Aseptic production possible. 



High number of homcgenization 

Drug should ae in micronized state. 
3 ussible contamination couid occur 
from metal ions coming off from the 



Albendazole ,J 
Aphidicolin ' 6 

Azithromycin *' 
Fenofibrate iS 



Applicable to the drugs that are 
poorly soluble in both aqueous and 
organic media. 

Little batch to batch variation. 

-ligh flexibility in handling large 

quantities of drugs. 



Tine consuming. 

Difficult to scale up. 

Prolonged milling may induce the 

formation of amorphous & instability. 



Easy process and no organic solvent Generation of residue of milling Clarit 

required. media. Glibe 

Require short grinding time. 



This is accomplished by a combination of rapid 
precipitation and high-pressure homogenization. 
Rapid addition of a drug solution to an antisolvent 
leads to sudden super saturation of the mixed 
solution, and generation of fine crystalline or 
amorphous solids. Precipitation of an amorphous 
material may be favored at high super saturation 
when the solubility of the amorphous state is 
exceeded. The success of drug nanosuspensions 
prepared by precipitation techniques has been 
reported in some journals 32 " 33 . 

Lipid Emulsion/Microemulsion Template: Lipid 
emulsions as templates are applicable for drugs that 



are soluble in either volatile organic solvents or 
partially water miscible solvents. In this method the 
drug will be dissolved in the suitable organic solvent 
and then emulsified in aqueous phase using suitable 
surfactants. Then the organic solvent will be slowly 
evaporated under reduced pressure to form drug 
particles precipitating in the aqueous phase forming 
the aqueous suspension of the drug in the required 
particle size. Then the suspension formed can be 
diluted suitably to get nanosuspensions 34 
Moreover, microemulsions as templates can 
produce nanosuspensions. Microemulsions are 
thermodynamically stable and isotropically clear 
dispersions of two immiscible liquids such as oil and 
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water stabilized by an interfacial film of surfactant 
and co-surfactant. The drug can be either loaded 
into the internal phase or the pre-formed 
microemulsion can be saturated with the drug by 
intimate mixing. Suitable dilution of the 
microemulsion yields the drug nanosuspension u . 
An example of this technique is the griseofulvin 
nanosuspension which is prepared by the 
microemulsion 3a . The advantages of lipid emulsions 
as templates for nanosuspension formation are that 
they easy to produce by controlling the emulsion 
droplet and easy for scale-up. However, the use of 
organic solvents affects the environment and large 
amounts of surfactant or stabilizer are required. 

High Pressure Homogenization: It is the most widely 
used method for the preparation of the 
nanosuspensions of many poorly water soluble 
drugs 35 ~ 37 . Different methods developed based on 
this principle for preparation of nanosuspensions are 
Dissocubes, Nanopure, Nanoedge, Nanojet 
technology. In the high pressure homogenization 
method, the suspension of a drug and surfactant is 
forced under pressure through a nanosized aperture 
valve of a high pressure homogenizer. 

The principle of this method is based on 
cavitation in the aqueous phase. The particles 
cavitations forces are sufficiently high to convert the 
drug microparticles into nanoparticles. The concern 
with this method is the need for small sample 
particles before loading and the fact that many 
cycles of homogenization are required 38 " 39 . Figure 2 
gives the schematic representation of the high- 
pressure homogenization process 

• DissoCubes technology is an example of this 
technology developed by R.H. Miiller using a 
piston-gap-type high pressure homogenizer, 
which was recently released as a patent 
owned by SkyePharm pic 3 *. Scholer et al. 
prepared atovaquone nanosuspensions using 
this technique. 



• Nanopure is suspensions homogenized in 
water-free media or water mixtures. 

• Nanoedge is combination of precipitation and 
homogenization techniques resulting in 
smaller particle size and better stability in a 
shorter time. 

• Nanojet technology, also called as opposite 
stream, uses a chamber where a stream of 
suspension is divided into two or more parts, 
which colloid with each other at high 
pressure. 



• - .<» ,7 

HANOI* ., [impact r« 
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FIGURE 2: SCHEMATIC CARTOON OF THE HIGH-PRESSURE 
HOMOGENIZATION PROCESS 

• Milling Techniques: 

• Media milling: Media milling is a further 
technique used to prepare nanosuspensions 2 *' 
40 This patent-protected technology was 
developed by Liversidge et al. 41 . Formerly, the 
technology was owned by the company 
NanoSystems but recently it has been acquired 
by Elan Drug Delivery. In this technique, the 
nanosuspensions are produced using high- 
shear media mills or pearl mills. The media mill 
consists of a milling chamber, a milling shaft 
and a recirculation chamber. The drug 
nanoparticles are obtained by subjecting the 
drug to media milling. High energy and shear 
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forces generated as a result of impaction of the 
milling media with the drug provide the 
necessary energy input to disintegrate the 
microparticulate drug into nanosized particles. 
The milling medium is usually composed of 
glass, zirconium oxide or highly cross-linked 
polystyrene resin. In batch mode, the time 
required to obtain dispersions with unimodal 
distribution profiles and mean diameters 
<200nm is 30-60 min. In the media milling 
process, the milling chamber is charged with 
the milling media, water or suitable buffer, 
drug and stabilizer. Then milling media or 
pearls are rotated at a very high shear rate. 

Dry Co-Grinding: Recently, nanosuspensions 
can be obtained by dry milling techniques. 
Successful work in preparing stable 
nanosuspensions using dry-grinding of poorly 
soluble drugs with soluble polymers and 
copolymers after dispersing in a liquid media 
has been reported 42 . Itoh et al 35 reported the 
colloidal particles formation of many poorly 
water soluble drugs; griseofulvin, glibenclamide 
and nifedipine obtained by grinding with 
polyvinylpyrrolidone (PVP) and sodium 
dodecylsulfate (SDS). 

Many soluble polymers and co-polymers 
such as PVP, polyethylene glycol (PEG), 
hydroxypropyl methylcellulose (HPMC) and 
cyclodextrin derivatives have been used 43 . 
Physicochemical properties and dissolution of 
poorly water soluble drugs were improved by 
co-grinding because of an improvement in the 
surface polarity and transformation from a 
crystalline to an amorphous drug ,4 . Dry co- 
grinding can be carried out easily and 
economically and can be conducted without 
organic solvents. The co-grinding technique can 
reduce particles to the submicron level and a 
stable. Table 3 shows some drugs and their 
status in market. 



TABLF 3: SOME DRUGS AND THEIR STATUS il 



Stat 



Paclitaxel 
!u.Kwn:ilH 



Ecze-na, Atopic 
rJtrTatitis 
Hypoxemic 

Antidiabetic 
Anticancer 



Phase l 
Marketed 

Phase i/il 



Phase I 
Phase I 



Physical, Chemical and Biological Properties of 
Nanosuspensions: Nanosuspension formulation 
increases the saturation solubility as well as 
dissolution rate. Basically the saturation solubility is 
a compound SDecific constant which is temperature 
dependent. The saturation solubility also depends 
on the polymorphism of the drug as different 
polymorphs have different solubilities. It is also 
dependent on the particle size. This size-depend 
encycomes only into effect for particles having a size 
below approximately 1 urn. Another marked 
property is the adhesiveness generally described for 
nanoparticles 4S . 

As the particle size decreases the adhesive 
properties of the particles will be improved and thus 
improved oral delivery of poorly soluble drugs. 
Improved bioavailability, improved dose 
proportionality, reduced fed/fasted variability, 
reduced inter-subject variability and enhanced 
absorption rate (both human and animal data) 46 are 
some of the main effects observed on oral 
administration. These data have been acquired in 
vivo in animals but also in humans as reported by 
the company Nano Systems. A drastically remarkable 
report is that of the increase in bioavailability for 
danazole from 5 % (as macrosuspension) to 82% (as 
nanosuspension) 46 . The application of high 
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pressures during the production of nanosuspensions 
was found to promote the amorphous state 4; . The 
degree of particle fineness and the fraction of 
amorphous particles in the nanosuspensions were 
found to be dependent on production pressure 
number of cycles of homogenisation and hardness of 
drug. The increase in the amorphous fraction leads 
to a further increase of the saturation solubility. The 
homogenization process (giving uniform particle 
size) was able to overcome Ostwald ripening " 8 
which means physical long-term stability as an 
aqueous suspension 49 . 

In oral drug administration, the 
bioavailability mainly depends upon the solubility of 
the drug, highly active compounds have failed in the 
past because their poor solubility has limited in vivo 
absorption and did not lead to effective therapeutic 
concentrations. As an example, Atovaquone is given 
orally three times 750 mg daily, because of the low 
absorption of only 10-15%. Oral administration of 
nanosuspensions can overcome this problem 
because of the high adhesiveness of drug particles 
sticking on biological surfaces and prolonging the 
absorption time. 

Evaluation of Nanosuspensions 50 ' 51 : The 
characterisation of the nanosuspensions is also 
similar to that of the suspensions such as colour, 
odour, presence of impurities and other important 
characteristics as mentioned below. 

• In-Vitro Evaluations: 

• Particle size and size distribution 

• Particle charge (Zeta Potential) 

• Crystalline state and morphology 

• Saturation solubility and dissolution velocity 

• Stability 

• In-vivo evaluation: 

• In-Vitro Evaluations: 



Particle size and size distribution: It is the most 
important parameter in the evaluation of the 
suspensions as it is having the direct effect on 
the solubility and dissolution rate and the 
physical stability of the formulation. The mean 
particle size and the width of particle size can 
be determined by Photon Correlation 
Spectroscopy (PCS) laser diffraction and 
coulter current multisizer. Particle size and 
polydispersity index (PI) governs the saturation 
solubility, dissolution velocity and biological 
performance. PCS measures the particle size in 
the range of 3nm-3 pm only. PI governs the 
physical stability of nanosuspension and should 
be as low as possible for long-term stability 
(Should be close to zero). LD measures volume 
size distribution and measures particles ranging 
from 0.05- 80pm upto 2000pm. Atomic Force 
Microscopy is used for visualization of particle 
shape 53 . For IV use, particles should be less 
than 5 um, considering that the smallest size of 
the capillaries is 5-6 um and hence a higher 
particle size can lead to capillary blockade and 
embolism. 

Particle charge (Zeta Potential): The particle 
charge is of importance in the study of the 
stability of the suspensions. Usually the zeta 
potential of more than ±40mV will be 
considered to be required for the stabilisation 
of the dispersions. For electrostatically 
stabilized nanosuspension a minimum zeta 
potential of ±30mV is required and in case of 
combined steric and electrostatic stabilization it 
should be a minimum of +20mV of zeta 
potential is required. 

Crystalline Sate and Particle Morphology: It is 

of importance as there are chances of the 
polymorphism during the storage of the 
nanosuspensions. Hence it is necessary to study 
the crystal morphology of the drug in 
suspension. Differential Scanning Calorimetry 
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(DSC) is most commonly used for such studies 
j4 . When nanosuspensions are prepared drug 
particles may get converted to amorphous form 
hence it is essential to measure the extent of 
amorphous drug generated during the 
production of nanosuspensions. The X-Ray 
Diffraction (XRDJ is commonly used for 
determining change in crystallinity and the 
extent of the amorphous form of drug jS . 

• Saturation solubility and Dissolution Velocity: 

The main advantage associated with the 
nanosuspensions is improved saturation 
solubility as well as dissolution velocity. These 
are studied in different physiological solutions 
at different pH. Kelvin equation and the 
Ostwald-Freundlich equations can explain 
increase in saturation solubility. Determination 
of these parameters is useful to assess in vivo 
performance of the formulation. 

• Stability of Nanosuspensions: Stability of the 
suspensions is dependent on the particle size. 
As the particle size reduces to the nanosize the 
surface energy of the particles will be increased 
and they tend to agglomerate. So stabilizers are 
used which will decrease the chances of 
Ostwald ripening and improving the stability of 
the suspension by providing a steric or ionic 
barrier. Typical examples of stabilizers used in 
nanosuspensions are cellulosics, poloxamer, 
polysorbates, lecithin, polyoleate and 
povidones. Lecithin may be preferred in 
developing parenteral nanosuspensions 40 . 

In vivo evaluation: The in viva evaluation of the 
nanosuspensions is specific to drug and route of 
administration. Most commonly the formulation 
was given by required route of administration 
and the plasma drug levels were estimated using 
HPLC-UV visible Spectrophotometry. Other 
parameters which are generally evaluated in vivo 
are 



• Surface hydrophilicity/hydrophobicity 
(determines interaction with cells prior to 
phagocytosis) 

• Adhesion properties 

• Interaction with body proteins 

APPLICATIONS: Formulating the drug as 
nanosuspensions increases the saturable 
concentration, dissolution rate as well as 
bioavailability of the drug. These nanosuspensions 
are having application in different routes of 
administrations like oral, parenteral, topical, 
ophthalmic, mucoadhesive, pulmonary and targeted 
drug delivery. Oral administration of 
nanosuspensions is a drug delivery strategy, not only 
to improve bioavailability, but also to target 
gastrointestinal bacterial and parasitic infections 
because of improved adhesion properties. 
Nanosuspension technology is considered as suitable 
new colon delivery systems for the treatment of 
colon cancer, helminth infections, gastrointestinal 
inflammation or GIT associated diseases like sprue 
(zoeliaki). 

Infections like tuberculosis, listeriosis, 
leishmaniasis, and toxoplasmosis are caused by 
parasites residing the macrophages of the MPS, 
thus being relatively easily accessible by I.V. 
injected particles. The I.V. injected particles are 
heavily and quickly taken up by the MPS cells in 
case they absorb uptake promoting proteins like 
apolipoproteins. However, some parasites do also 
reside in the brain (CNS). The brain-localized 
parasite mostly leads to relapsing infections if not 
cured. Therefore, it would be of importance to 
target drug nanoparticles via surface modification 
to the brain. A successful targeting of the peptide, 
dalargin, to the brain using Tween 80 15 surface 
modified polyisobutylcyanoacrylates nanoparticles 
has been reported by Kreuter et al. 56 . A 
nanosuspension of Amphotericin B developed by 
Kayser et al. showed a significant improvement in 
its oral absorption in comparison with the 
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conventional commercial formulations b/ . In case of 
l-V administration the particle size less than 5u,m is 
preferred. The particle size in nano range will favour 
the passage of the drug particles into the small 
capillaries in the body without any blockade. A 
stable intravenously injectable formulation of 
omeprazole has been prepared to prevent the 
degradation of orally administered omeprazole 37 . 

Aqueous suspensions of the drug can be easily 
nebulised and given by pulmonary route as the 
particle size is very less. Different types of 
nebulisers are available for the administration of 
liquid formulations. Some of the drugs successfully 
tried with pulmonary route are budesonide, 
ketotifen, ibuprofen, indomethacin, nifedipine, 
itraconazole, interleukin-2, p53 gene, leuprolide, 
doxorubicin etc. 53 Nanosuspensions can be used for 
targeted delivery also as the surface of the particle 
can be suitably modified to make them target 
specific. Kayser formulated a nanosuspension of 
Aphidicolin to improve drug targeting against 
leishmania-infected macrophages 2S . Scholer et al. 
Prapeared a nanosuspension formulation of 
Atovaquone and showed an improved drug 
targeting to the brain in the treatment of 
toxoplasmic encephalitis in a new murine model 
infected with Toxoplasma gondii 

CONCLUSIONS: Nanosuspensions are chiefly seen 
as vehicles for administering poorly water soluble 
drugs have been largely solved the dissolution 
problems to improve drug absorption and 
bioavailability. Nanosuspension technology can be 
combined with traditional dosage forms: tablets, 
capsules, pellets, and can be used for parenteral 
products. They have recently received increasing 
attention as colloidal carriers for targeted delivery 
of various anticancer drugs, photosensitizers, 
neutron capture therapy agents or diagnostic 
agents. Because of their submicron size they are 
easily targeted to the tumour area. Moreover the 
possibility of surface functionalization with a 



targeting moiety has open new avenues for 
targeted delivery of drugs, genes, photosensitizers 
and other molecules to the desired area. To take 
advantage of nanosuspension drug delivery, simple 
formation technologies and variety applications, 
nanosuspensions will continue to be of interest as 
oral formulations and non-oral administration 
develop in the future. It is expected that future 
research and development work will be carried out 
in the near future for clinical realization of these 
targetea delivery vehicle. 
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1. Introduction 



With significant attention focused oi 
nology in recent years, nanomaterial-based drug delivery has been :,. 
propelled to the forefront by researchers from both academia and >i 
industry (1-3 1. Various nano-structured materials were produced and .v 
applied to drug delivery such as nanoparticles (4|. nanocapsules (5|. si 



2 



nanotubes (6), micelles [7], microemulsions \H) and liposomes [9] In 
general, the term "nanoparticles" refers to particles with sizes 
between 1 and 100 nm. However, submicron particles are also 
commonly referred as nanoparticles in the field of pharmaceutics 
and medicine [10-14], Nanoparticles are categorized as nanocrystals 
1 10], polymeric \\% liposomal ;9] and solid lipid nanoparticles (SLN) 
[IS] depending on their composition, function and morphology. Given 
the extensive available literature reviews on SLN, polymeric and 
liposomal nanoparticles (4,9,15-18], this article will focus only on 
nanocrystals (pure drug nanoparticles). 

The unique nano-scale structure of nanoparticles provides signif- 
icant increases in surface area to volume ratio which results in notably 
different behavior, both in- vitro and in-vivo, as compared to the 
traditional microparticles [10-12], Consequently, drug nanocrystals 
have been extensively used in a variety of dosage forms for different 
purposes [10,11,14,19.20], such as improving the oral bioavailability 
of poorly water-soluble drugs by utilizing enhanced solubility and 
dissolution rate of nanoparticles (21-23]. In the field of pulmonary 
drug delivery, the nanoparticles are able to deliver the drugs into the 
deep lungs, which is of great importance for systemically absorbed 
drugs (11,14]. in addition, injection of poorly water-soluble nanosus- 
pension drugs is an emerging and rapidly growing field that has 
drawn increasing attention due to its benefits in reducing toxicity and 
increasing drug efficacy chrough elimination of co-solvent in the 
formulation (10,20). 

Despite the advantages of drug nanocrystals. they present various 
drawbacks including complex manufacturing [12.24-26], nanotoxi- 
city [27] and stability issues ( 1 0.1 9.20]. Stability is one of the critical 
aspects in ensuring safety and efficacy of drug products. In 
intravenously administered nanosuspensions. for example, formation 
of larger particles (>5um) could lead to capillary blockade and 
embolism (20], and thus drug particle size and size distribution needs 
to be closely monitored during storage. The stability issues of drug 
nanoparticles could arise during manufacturing, storage and shipping. 
For instance, the high pressure or temperature produced during 
manufacturing can cause crystalliniry change to the drug particles 
[12,26,28], Storage and shipping of the drug products may also bring 
about a variety of stability problems such as sedimentation, 
agglomeration and crystal growth [29-31 ]. Therefore, stability issues 
associated with drug nanocrystals deserve significant attention during 
pharmaceutical product development. This article reviews existing 
literature on drug nanoparticle stability, including theory/mecha- 
nisms, methods used to tackle the stability problems and character- 
ization techniques, and provides recommendations to improve the 
current practices. Since the stability issues related to nanoparticle dry 
powders are usually trivial, this review will only focus on stability of 
nanosuspensions (drug nanoparticles dispersed in a liquid medium). 



2. Stability or drug nanoparticles 

2.1. Effect of dosage form on stability 

The unique characteristics of drug nanoparticles have enabled 
their extensive application in various dosage forms including oral, 
parenteral, ocular, pulmonary, dermal and other specialized delivery 
systems [10,11,13,20,32], Although different dosage forms may share 
some common stability issues, such as sedimentation, particle 
agglomeration or crystal growth, their effects on drug products are 
quite different. For instance, particle agglomeration could be a major 
issue in pulmonary drug delivery since it affects deposition amount/ 
site, and thus drug efficacy. On the other hand, agglomeration in 
intravenous formulations can cause blood capillary blockage and 
obstruct blood flow. Moreover, the selection of stabilizers is also 
closely related to dispersion medium, dosage form and strictly 
governed by FDA regulations. To date, there is a wide variety of 



choices on the approved stabilizers for oral dosage form whereas the i 

excipients allowed for inhalation are very limited [33], i 

Drug nanoparticles exist in the final drug products either in dry i 

powder or suspension form. Examples of the dry powder form include i 

the dry powder inhaler, lyophililized powder for injection and oral i 

tablets or capsules. Solid dosage forms usually have good storage i 

stability profiles, which is why a common strategy to enhance i 

nanosuspension stability is to transform the suspension into solid l 

form (19,25). Most of the reported stability concerns arise from i 

nanosuspensions in which the drug nanoparticles are dispersed in a i 

medium with or without stabilizers. In addition, mechanisms i. 

involved in the stability of small and large biomolecufe formulations i 

are different due to their molecular structure differences. A small i 

molecule drug is defined as a low molecular weight non-polymeric i: 

organic compound while large biomolecules refer to large bioactive i; 

molecules such as protein/peptide. One of the major issues with i: 

protein/peptide stability is to maintain the 3-dimensionaI molecular i: 

conformation, such as secondary and tertiary structure in order to i: 

keep their biological activities [34,35], whereas there is no such K 

concern for small organic molecules. ,. 



2.2. General stability issues related tc 



lanosuspensions 



Stability issues associated with nanosuspensions have been widely i 

investigated and can be categorized as physical and chemical stability, i 

The common physical stability issues include sedimentation/cream- i 

ing, agglomeration, crystal growth and change of crystallinity state, i 



2.2.1. Sedimentation o 



creaming 



Drug particles can either settle down c 
formulation medium depending on their density relative to the i 
medium. The sedimentation rate is described by Stokes' law (36,37] i 
which indicates the important role of particle size, medium viscosity i 
and density difference between medium and dispersed phase in t 
determining the sedimentation rate. Decreasing particle size is the l 
most common strategy used to reduce particle settling. Matchingdrug i 
panicles density with medium or increasing medium viscosity are the i 
other widely used approaches to alleviate sedimentation problems i. 
{37.381. Fig. 1 shows different sedimentation types that occur in i; 
suspension formulations, 

In a deflocculated suspension (Fig, la), particles settle indepen- \i 
dently as small size entities resulting in a slow sedimentation rate, i: 
However, densely packed sediment, known as caking [39], is usually n 
formed due to the pressure applied on each individual particle. This ii 
sediment is very difficult to be re-dispersed by agitation [36,37,39] if 
and would be detrimental to the drug products performance. In the n 
flocculated suspension (Fig. lb), the agglomerared particles settle as if 
loose aggregates instead of as individual particles [36,37], The loose it 
aggregates have a larger size compared to the single particle, and thus m 
higher sedimentation rate. The loose structure of the rapidly settling in 
floes contains a significant amount of entrapped medium and this ic 
structure is preserved in the sediment. The final flocculation volume is in 
therefore relatively large and the Rocs can be easily broken and re- 17 
dispersed by simple agitation. K.P. Johnston et al. [40.41] have 17 
recently attempted to achieve stable nanosuspensions via a novel 17 
design of floes structure called "open floes", as illustrated in Fig, lc. 17 
Thin film freezing was used to produce BSA nanorods with aspect 17 
ratio of approximately 24. These BSA nanorods were found to be 17 
highly stable when dispersed into hydrofluoroalkane (HFA) propel- 17. 
lant, with no apparent sedimentation observed for 1 year. Due to the 17 
high aspect ratio of BSA nanorods and relatively strong attractive Van 171 
der Waals (VDW) forces at the contact sites between the particles, in 
primary nanorods were locked together rapidly as an open structure ta 
upon addition of HFA, inhibiting collapse of the floes (41 1. The low- is 
density open floes structure was then filled with liquid HFA medium, is: 
preventing panicle settling. Similar results were shown using needle is: 

:10.1016/J. j 
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and plate shaped itraconazole nanoparticles with aspect ratios 
between 5 and 10(40|. 

Although sedimentation is one of the key issues for colloidal 
suspension, the reported studies examining sedimentation issues in 
aqueous-based nanosuspensions are very scarce. This could be due to 
(i) surfactants are generally used in most of the nanosuspensions to 
inhibit particle agglomeration in the medium, which alleviates the 
sedimentation issues and (ii) the small nano-sized panicles signifi- 
cantly reduce the sedimentation rate. In addition, many of the 
aqueous nanosuspensions are transformed to dry solid form by spray 
drying or freeze drying to circumvent the long-term sedimentation 
issue. Unfortunately, this solidification process cannot be applied to 
non-aqueous nanosuspensions where sedimentation/creaming is 
commonly present. An example to illustrate this is metered dose 
inhaler (MDI) formulations where the nanoparticles are suspended in 
HFA propel lants. Sedimentation or creaming is a key aspect affecting 
stability of these formulations. Particle engineering to optimize 
particle surface properties and morphology, e.g. hollow porous 
particles [42), and introduction ofsurfactant(s) is generally employed 
to alleviate the issue. 



22.2. Agglomeration 

The large surface area of nanoparticles creates high total surface 
energy, which is thermodynamically unfavorable. Accordingly, the 
particles tend to agglomerate to minimize the surface energy. 
Agglomeration can cause a variety of issues for nanosuspensions 
including rapid settling/creaming, crystal growth and inconsistent 
dosing. The most common strategy to tackle this issue is to introduce 
stabilizers to the formulation. In addition to safety and regulation 



considerations, selection of stabilizers is based on their ability to 212 
provide wetting to surface of the particles and offer a barrier to 21.1 
prevent nanoparticles from agglomeration [13.19). 214 

There are two main mechanisms through which colloidal suspen- >ii 
sions can be stabilized in both aqueous and non-aqueous medium, i.e. 2i<> 
electrostatic repulsion and steric stabilization 1 1 0.36.37], These two 217 
mechanisms can be achieved by adding ionic and non-ionic stabilizers 21s 
into the medium, respectively. Stabilization from electrostatic 21a 
repulsion can be described by the classic Derjaguin-Landau- 2211 
Verwey-Overbeek (DLVO) theory [43.44|. This theory mainly applies 221 
to aqueous suspension while its application in non-aqueous medium 222 
is still not well-understood [33). The DLVO theory assumes that the 22:1 
forces acting on the colloidal particles In a medium include repulsive 224 
electrostatic forces and attractive VDW forces. The repulsive forces are 225 
originated from the overlapping of electrical double layer (EDL) 22a 
surrounding the particles in the medium, and thus preventing 227 
colloidal agglomeration. The EDL consist of two layers: (i) stern 228 
layer composed of counter ion attracted toward the particle surface to 229 
maintain electrical neutrality of the system and (ii) Gouy layer which 230 
is essentially a diffusion layer of ions (Fig. 2). 211 

The total potential energy (V T ) of particle-particle interaction is a 232 
sum of repulsion potential (V„) generated from electric double layers 2:11 
and attraction potential (V„) from the VDW forces. V A is determined 2.14 
by the Hamaker constant, panicle size and inter-paniculate distance 2:1s 
while V„ depends on particle size, distance between the particles, zeta m 
potential, ion concentration and dielectric constant of the medium. V R 2.17 
is extremely sensitive to ion concentration in the medium. As the ion 2:1* 
strength is increased in the medium, the thickness of EDL decteases 23-j 
due to screening of the surface charge (36.37). This causes decrease in 2411 
V„. increasing the susceptibility of the dispersed particles to form 24 1 
aggregates. Zeta potential (ZP) is electric potential at the shear plane 242 
which is the boundary of the surrounding liquid layer attached to the 24.1 
moving panicles in the medium. ZP is a key parameter widely used to 241 
predict suspension stability. The highet the ZP, the more stable the 24'. 
suspension is. 24(i 

In the case of steric stabilization, amphophilic non- ionic stabilizers 247 
are usually utilized to provide steric stabilization which is dominated 24« 
by solvation effect. As the non-ionic stabilizers are introduced into 24>j 
nanosuspensions. they are absorbed onto the drug particles through 2511 
an anchor segment that strongly interacts with the dispersed 241 
particles, while the other well-solvated tail segment extends into 252 
the bulk medium (Fig. 3). 2 53 
As two colloidal particles approach each other, the stabilizing 254 
segments may interpenetrate, squeezing the bulk medium molecules 250 
out of the inter-paniculate space as illustrated in Fig. 3. This 25B 
interpenetration is thermodynamically disfavored when a good 257 
solvent is used as the bulk medium to stabilize the tail [36). m 
Accordingly, provided that the stabilizers can be absorbed onto the _>.*> 
particle surface through the anchor segment, strong enthalpic 2iio 
interaction (good solvation) between the solvent and the stabilizing 2fii 
segment of the stabilizer is the key factor to achieve steric 2B2 
stabilization and prevent particles from agglomeration in the medium 21,1 
[3637). In addition to solvation, the stabilizing moiety needs to be 264 
sufficiently long and dense to maintain a steric barrier that is capable 205 
of minimizing particle-particle interaction to a level that the VDW 266 
attractive forces are less than the repulsive steric forces [43-45|. 2f.7 
The main drawback associated with the steric stabilization is the 2W 
constant need to tailor the anchoring tail according to the particular im 
drug of interest. Due to the lack of fundamental understanding of 2711 
interaction between the stabilizers and dispersed nanoparticles. zti 
current surfactant screening approaches to achieve a successful steric in 
stabilization are mostly empirical and could be very burdensome (45- 27:1 
49|. In addition, the solvation of the stabilizing segment is susceptible 271 
to variation in temperature. Stabilizer concentration could also play a 275 
role in causing suspension instability by affecting the absorption 2?f> 
affinity of non-ionic stabilizers to drug particles surface. Deng et al. 277 
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[50) used Pluronic® F127 to stabilize paclitaxel nanosuspensions. It 
was reported that stabilizers had high affinity to nanocrystals surface 
at concentrations below critical micelle concentration (CMC), and 
increasing concentrations above CMC caused loss of F127 affinity to 
the nanocrystals and thus unstable formulation. This was because 
F1 27 monomers on the nanocrysta Is surface started to aggregate with 
each other to form micelles as the concentration was increased to the 
CMC level, leading to a lower affinity to the drug crystals. Temperature 
was also shown to affect the stabilizer affinity to drug crystals. This is 
expected since the CMC level is dependent on temperature. 

It is apparent that combination of the two stabilization mechanisms 
can be very beneficial in achieving a stable colloidal dispersion. In 
addition, the combination of a non-ionic stabilizer with an tonic 
stabilizer reduces the self repulsion between the ionic surfactant 
molecules, leading to closer packing of the stabilizer molecules [1 0.5 1 1. 



Besides the steric and electrostatic stabilization mechanisms, some w.i 
other stabilization mechanisms have also been reported. Makhlof et mi 
al. produced indomethacin (IMC) nanocrystals using the emulsion wa 
solvent diffusion technique [52|. The nanoparticles were stabilized 29fi 
using various cyclodextrins (CyDs) without adding any surfactants. 2H7 
The stabilizing effect was attributed to the formation of a CyD network m 
in the aqueous medium via intermolecular interaction of CyD nm 
molecules. The network-like structure was believed to prevent aim 
aggregation and crystal growth of IMC nanoparticles initially :mi 
produced from the solvent diffusion process. Similar stabilization hi? 
mechanism was also observed in another study where budesonide ;nn 
microsuspension was stabilized with hydroxypropyl-beta-cyclodex- km 
trin in HFA medium [53|. Another approach to enhance suspension w, 
stability that has increasingly been utilized is engineering of particle .w, 
morphology. One breakthrough in this area was the porous particle wr 





Fig. 3. Steric stabilization mechanisms according to Cibbs free energy: AG - AH- TAS. A positive AC indicates stable suspension while negative AC induces particle agglomeration If 
the medium is a good solvent for the stabilizing moiety, the adsorbed stabilizing layers on the dispersed particles cannot interpenetrate each other when the particles collide This 
reduces the number of configurations available ro the adsorbed stabilizing tails, resulting in a negative entropy change and positive AC. On the other hand, if the dispersion medium 
is a poor solvent, the adsorbed layers on the particles may interpenetrate thermodynamirally and inducts particles agglomeration 
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:sm concept that was first introduced by Edwards et al. [54). The porous 

309 particles include hollow porous particle [42] and porous nanoparticle- 
aggregate particles (PNAPs) [14|. Unfortunately, most of the work has 

:ni been focused on microsuspension or polymeric colloidal formulations 

312 and has not been applied to pure drug nanoparticles. 

313 Table l summarizes a few published studies on pharmaceutical 

314 nanosuspensions. Due to the vast amount of literature work on the 

315 pharmaceutical nanosuspensions. this review will focus only on the 
3 m studies that provide a more profound enlightenment on the stabilizer 

317 selection for nanosuspensions. The summary table shows that most of 

318 nanosuspensions were generated in aqueous medium, with only a 

319 limited number of nanosuspensions made in non-aqueous environ- 

320 ment. The commonly used ionic stabilizers in aqueous medium include 
:hi sodium dodecyl sulfate (SDS), sodium lauryl sulfate (SLS), lecithin and 

322 docusate sodium. The non-ionic surfactants used in aqueous medium 

323 are usually selected from Pluronic® surfactants, Tween 80, polyeth- 

324 ylene glycol (PEG), polyvinyl alcohol (PVA) polyvinylpyrrolidone 

325 (PVP) and cellulose polymers such as hydroxypropyl cellulose (HPC) 
32S and hydroxypropyl methylcellulose (HPMC), 

.127 The stabilizers are not only used to provide short- and long-term 

32S storage stability for nanosuspensions, but also to achieve successful 

329 formation and stabilization of nanocrystals during particle produc- 

33t) tion. Lee et al. designed and synthesized various amino acid 

331 copolymers containing lysine as the hydrophilic segments with 

3.32 alanine, phenylalanine or leucine as hydrophobic moieties [49|, Wet 

3«3 comminution was used to produce naproxen nanosuspensions in 

3.3-1 presence of HPC and amino acid copolymers. Lysine copolymer with 

335 alanine was unable to produce submicron particles while the other 

336 copolymers with phenylalanine and leucine were capable of forming 
33T the nanoparticles. The size of nanocrystals was proven to be constant 
338 over 1 month storage and the crystallinity was also shown to be 
338 preserved after the wet comminution process. Furthermore, hydro- 

340 phobicity of the copolymers was identified as the key factor in 

341 achieving the stable nanosuspensions, attributed to strong polymer 

342 adsorption onto the hydrophobic drug surfaces. Although this work 
:m did not provide an in-depth discussion on how the copolymers 
.144 interacted with the drug nanoparticles, it illustrated the importance of 

345 careful selection of the anchor group (that is attached to the drug 

346 surface) in facilitating the production of a stable nanosuspesion. lathe 

347 subsequent study [45). they attempted to understand the nature of 
34S interactions between polymenc stabilizers and drugs with different 

349 surface energies. Nanocrystals of seven model drugs with PVP K30 and 

350 HPC as stabilizers were generated using wet comminution. It was 

351 expected that a close match of surface energy between the stabilizers 

352 and drug crystals would promote the absorption of stabilizers onto 

353 drug particles, and thus help in reducing the particle size during the 

354 wet comminution process. Although surface energy did not seem to 

355 correlate well with particle size for HPC stabilized system, some trend 
35« was observed for PVP stabilized suspension with only one exception. 

357 A further study with seven stabilizers (non-ionic stabilizers: HPC, 

358 PVP K30, Pluronic® F127 & F68, PEC and ionic stabilizers: SDS and 
35u benzethoinum chloride) and eleven model drugs was conducted by 
350 the same group in order to provide more understanding on the 
331 stabilization mechanism [48). Again, the general trend between 

362 surface energy and particle size reduction was not observed in this 

363 work. PEG was unsuccessful in reducing the particle size of most drug 
304 candidates while the other non-ionic stabilizers proved to be effective 
3fi5 in reducing the size of five drug candidates that had similar surface 

366 energies to the stabilizers, F68 was shown to be the most effective 

367 stabilizer (successfully stabilizing nine drug candidates), which could 

368 be due to its strong chain adsorption onto the drug crystals through 

369 the hydrophobic polypropylene glycol (PPG) units. F127 was found to 
37U be less efficient than F68 likely because the short processing time led 

371 to inefficient physical adsorption of higher molecular weight F127 to 

372 the drug surface. This study demonstrated that a combination of ionic 

373 and non-ionic stabilizers is not always beneficial to enhance 



stabilization. A few combinations of SDS or benzethoinum chloride 374 
with various non-ionic stabilizers resulted in positive stability effects 375 
while the others did not. The etfects of physicochemical properties of .\m 
the drugs on the stabilization were also explored in this study. In 377 
general, drugs with lower aqueous solubility, higher molecular weight .irs 
and higher melting point were shown to have higher chance for :m 
successful nanosuspension formation. 3»o 

Van Eerdenbrugh et al. conducted an expanded study using 13 381 
stabilizers at 3 different concentrations to stabilize 9 drug compounds 332 
[47], The particles were generated using the wet milling technique. 383 
The success rate in producing nanosuspensions using polysaccharide :iH4 
based stabilizers iHPMC, methylcellulose (MC), hydroxyethylcellu- 3*5 
lose (HEC). HPC, carboxymethylcellulose sodium (NaCMC). alginic 3-hs 
acid sodium (NaAlg)] was limited by the high viscosity of these 3x7 
polymeric stabilizer solutions. Increasing concentration of these :m 
stabilizers did not appear to be helpful. In contrast, the other 3,19 
stabilizers [PVP K30, PVP K90. PVA, Pluronic® F68, polyvinyl :i«o 
alcohol-polyethylene glycol graft copolymer (K-IR), Tween 80 and sm 
D-a-tocopherol polyethylene glycol 1000 succinate (TI'CS)) did not 302 
encounter the viscosity issue. PVA was ineffective in producing the 393 
nanosuspension and the success probability of PVP K3Q, PVP K90, F68 394 
and K-IR is highly dependent on their concentration. Higher 395 
concentrations (25wt.% and lOOwt.X) increased the stabilizing :m 
efficacy significantly, Tween 80 and TGPS were proven to be most :imt 
effective stabilizers. Addition of TGPS (at concentrations >25 wz.%) m* 
allowed nanosuspension formation for all tested drug compounds. No twi 
correlation was observed between drug physicochemical properties 100 
(molecular weight, melting point, log p, solubility and density) and 401 
nanosuspension formation success rate. It was demonstrated that 4112 
surface hydrophobicity of the drug candidates was the driving force ma 
for nanoparticles agglomeration, thus lowering the success rate of hm 
nanosuspension production. 405 

Mishra et al. explored nanosuspension stability issues during both 406 
production and storage [29], Hesperetin nanosuspensions were 407 
produced using HPH with Pluronic® F68, alkyl polyglycoside 40* 
(Plantacare 2000) and inulin lauryl carbamate (Inutec SP1), or m 
Tween 80 as stabilizers. It was demonstrated that all stabilizers jio 
were suitable for successful production of hesperetin nanosuspen- 411 
sions. The size of nanocrystals was dependent on power density 412 
applied in the homogenization process and the hardness of the 413 
crystals. The effect of stabilizers on the particle size was negligible. 414 
Short-term stability over a period of30 days was examined in order to ir> 
evaluate the stabilizer efficiency. ZP was measured as a key parameter 4 is 
to predict the stability. In distilled water, the ZP values of all the -1 1 r 
nanosuspensions fell between -30 and -50 mV and the values 41,4 
dropped significantly in the original dispersion medium. This can be 4in 
explained by the fact that adsorbed layers of large molecules shifted 120 
the shear plane to a longer distance from the particle surface, thus 421 
reducing the measured value of zeta potential (Fig. 4), However, the 422 
low ZP value does not point to an unstable suspension in this case, 42.1 
which could be due to the additional presence of steric stabilization 121 
mechanism. Both Inutec and Plantacare stabilized nanosuspensions 425 
also showed significant reduction of ZP measured from water to i2n 
dispersion medium, indicating a thick absorbed steric layer and good 427 
stability. F68 exhibited only slight decrease in ZP, indicating a 42s 
relatively thin stabilization layer. The ZP value of Tween 80 was 42n 
only — 13 mv in the dispersion medium, pointing to a potentially r.m 
problematic stabilization, The study demonstrated that zeta potential 1.11 
measurement is a good predictor for storage stability. Nanosuspen- 4.12 
sions stabilized by Inutec and Plantacare were stable at all storage 4:13 
conditions (4, 25 and 40 "C) up to 30 days while F68 stabilized 4;w 
nanosuspensions were shown to be less stable. The Tween 80 4.).-, 
formulation stability was the poorest. Pardeike et al. (30) conducted 436 
a similar study using phospholipase A2 inhibitor PX-18 nanosuspen- 4,17 
sions produced by HPH with Tween 80 as stabilizer. In this work, ZP of i:« 
the homogenized nanosuspensions was dropped from — 50 mV to 433 
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440 around - 20 mV when tested from water to dispersion medium. It is 

441 generally believed that ZP of ± 20 mV is sufficient to maintain a stable 

442 formulation with a combined electrostatic and steric stabilization 

443 [30]. The PX-18 nanosuspension was shown to be physically stable 

444 (no changes in particle size distribution) for more than half year at the 

445 storage condition of 5 and 25 'C However, physical instability was 
44H observed after 1 month storage at a higher storage temperature. This 

447 could be due to the decreased dynamic viscosity and enhanced 

448 diffusion constant at higher temperature. 

449 There is another interesting work by Pongpeerapat et al. 

450 investigating probucol/PVP/SDS ternary ground mixture (GM) that 

451 was prepared with a vibrational rod mill (92). The produced primary 

452 probutcol nanoparticles were around 20 nm in presence of both SDS 
45.) and PVP. An interesting phenomenon was observed following the 

454 dispersion of the CM into water. For CM stabilized with PVP K17 and 

455 SDS. spherical agglomerates of primary nanocrystals were formed 
4se immediately in the size of around 90 nm after dispersion of the GM 

457 into water. A further agglomeration to around 160 nm in size occurred 

458 gradually during the storage stability study. In the case of PVP Kl 2 and 

459 SDS. agglomerations of approximately 180 nm were observed after 
4CO 4 days of storage and then remained stable up to 84 days. This 

461 phenomenon is illustrated in Fig. 5. Above critical aggregation 

462 concentration. SDS complexes with PVP to form a "necklace" structure 

463 in aqueous medium through both electrostatic and hydrophobic 

464 interactions. Following dispersion of probucol/PVP K17/SDS into 



water, PVP K17/SDS "necklace" complex interacted with primary 460 
drug nanoparticles. causing immediate agglomeration of the primary 1C6 
nanoparticles into 90 nm aggregates. The 160 nm secondary nano- 467 
particles were formed due to further gradual agglomeration process, 
The stabilization of probucol nanocrystals was attributed to formation im 
of PVP K17/SDS layered structure on the surface of probucol. For the 471) 
CM of probucol/PVP K12/SDS. agglomeration of primary drug 471 
nanoparticles occurred more rapidly because of the insufficient 172 
surface coverage of PVP K12 and SDS on the probucol surface. I7:i 
Stabilization of the nanosuspension was linked to absorption of PVP -174 
K12 on the surface of probucol nanocrystals. owing to the absence of 473 
layered structure. 475 
Despite the proven importance of stabilizers in preventing particle 477 
agglomeration, there have been a few studies that generated stable 47a 
nanosuspensions without stabilizers. Baba et al. prepared 2-devinyl- 479 
2-(1-hexyloxyethyl)pyropheophorbide (HPPH) nanosuspensions 4wi 
without any stabilizer and reported formulation stability for more 4x1 
than 3 months (103). The self-stabilization of the nanosuspensions 4x2 
was attributed to a high ZP value (-40mv) resulting from the 4«.i 
deprotonation of the carboxylic end group of HPPH molecules. A 4H4 
similar self-stabilized nanosuspension was reported in another study 11c, 
in which amorphous all-trans retinoic acid nanoparticles were shown 4Sf, 
to be stable in aqueous medium up to 6 months. Epstein et al. [95) w 
prepared self-suspended alendronate nanosuspensions by combining m 
the negative charged alendromnic acid with gallium (Ca) or iw 
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490 gadolinium (Cd) under sonication as complex nanoparticles. The 

491 alendronate-Ca nanosuspension was shown to be stable for more 

492 than 3 months, while the alendronate-Cd nanosuspension was stable 
4aa for only 3 days. These stability profiles correlated well with their ZP 

494 values (33 mV for Ca complex vs. 21 mV for Cd complex). 

495 2.2,3. Crystal growth 

196 Crystal growth in colloidal suspensions is generally known as 

49? Ostwald ripening and is responsible for changes in particle size and 

498 size distribution. Oswald ripening is originated from particles 

499 solubility dependence on their size. Small particles have higher 
r>oo saturation solubility than larger ones according to Ostwald-Freun- 
soi dlich equation [115], creating a drug concentration gradient between 
so? the small and large particles. As a consequence, molecules diffuse 
soa from the higher concentration surrounding small particles to areas 

504 around larger particles with lower drug concentration. This generates 

505 supersaturated solution around the large particles, leading to drug 
son crystallization onto the large particles. This diffusion process leaves an 

507 unsaturated solution surrounding the small particles, causing disso- 

508 lution of the drug molecules from the small particles into the bulk 

509 medium. This diffusion process continues until all the small particles 

510 are dissolved. The Ostwald ripening is essentially a process where 

511 large particles grow at the expense of smaller particles [36.37], which 

512 subsequently leads to a shift in the particle size and size distribution of 
5i.i the colloidal suspension to a higher range. The diffusion and crystal 
514 growth during Ostwald ripening is shown schematically in Fig. 6. 
sis A narrow particle size distribution can minimize the saturation 
516 solubility difference and drug concentration gradients within the 
5)7 medium, and thus help to inhibit occurrence of the Ostwald ripening 
sis [37]. This can perhaps explain why Ostwald ripening is not a major 

519 concern for nanosuspensions with uniform particle size [10,20]. 

520 Stabilizers may also alleviate Ostwald ripening as long as they do not 
52) enhance the drug solubility [116.117]. Being absorbed on the 



nanoparticles surface, the stabilizers can reduce the interfacial tension 522 
between the solid particles and liquid medium, and thus preventing 52.1 
the Ostwald ripening. Solubility, temperature, and mechanical 524 
agitation also affect Ostwald ripening [117|. Verma et al. produced 525 
ibuprofen nanosuspensions by microfluidization milling with the aid 5»> 
of various stabilizers (HPMC. Pluronic* F68 & F127. Kollidon 30, SLS) 527 
[3 ! |. The particle size obtained with microfluidization showed some mk 
correlation with the ibuprofen solubility in aqueous stabilizer ,->2'i 
solutions. A higher solubility of ibuprofen in the solution of SLS. 5.m 
Tween 80 and Pluronic® F127 resulted in larger particles due to 531 
Ostwald ripening that occurred during process. A similar correlation 512 
was observed for ibuprofen particles during storage where Ostwald 53:1 
ripening was also believed to the driving factor for formation of larger 534 
particles. Van Eerdenbrugh et al. demonstrated that Ostwald ripening 535 
was highly dependent on temperature by exploring TPGS stabilized .wa 
nanosuspensions for 9 different drug candidates [86]. Following 537 
3 months storage at room temperature. Ostwald ripening occurred in 5.1H 
8 out of 9 nanosuspensions studied. Enhanced Ostwald ripening was s.w 
observed at 40 "C storage, while lowering temperature to 4 °C slowed 5.111 
down or even stopped Ostwald ripening effects. r,.n 

2-2.4. Change of crystalline state m 
Crystalline state is one of the most important parameters affecting 543 
drug stability, solubility, dissolution and efficacy. The main issue with 544 
crystalline state change is the transformation between amorphous 545 
and crystalline state. The high energy top-down manufacturing ms 
techniques tend to create partially amorphous nanosuspensions and 547 
some bottom-up techniques can create completely amorphous S4n 
particles. The high energy amorphous particles are unstable and 549 
inclined to convert to low energy crystalline state over time. This 5511 
conversion occurs depending on different parameters, such as 551 
temperature, dispersion medium, stabilizers and the presence of 052 
crystalline particles. Undfors et al. produced Felodipine amorphous 553 
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nanosuspensions via anti-solvent precipitation under sonication [96]. 
They demonstrated that amorphous nanoparticles were highly 
unstable in the presence of small amounts of crystalline particles. 
This was attributed to saturation solubility differences between 
amorphous and crystalline nanoparticles that initiated a similar 
diffusion process to Ostwald ripening, leading to a rapid conversion 
of amorphous nanoparticles to crystalline state. Although most of 
amorphous particles have been shown to be unstable, a few 
amorphous nanosuspensions have been demonstrated to be stable 
over a certain period of time. Amorphous hydrocortisone nanosus- 
pensions. produced through a bottom-up nanoprecipitation tech- 
nique using microfluidic reactors, was found to remain stable after 
3 months storage at room temperature (93|. Amorphous all-trans 
retinoic acid nanosuspensions. prepared by an anti-solvent precipi- 
tation technique, were also shown to be stable over 6 months storage 
at4'C [102], 

Manufacturing process might also induce some other type of 
crystalline transformation. Lai et al. prepared the diclofenac arid 
(DCF) nanosuspensions by HPH with two different crystalline forms 
(DCF1 and DCF2) (60]. 5 w/wX Pluronic® F68 was used as a stabilizer. 
XRD analysis showed thatthese two crystalline forms belonged to the 
same polymorph with differences in molecular conformation and 
crystal size. It was demonstrated that the HPH process caused the 
partial transformation of OCF2 to DCF1 while no effect on DCF1 was 
observed. The change in the crystalline structure was attributed to the 
solubilization of DCF2 during HPH process and its subsequent 
recrystallization as the DCF1 form. 

22.5. Stability issues with solidification process of nanosuspensions 
When stable nanosuspensions are unattainable, the solid dosage 

form is the ultimate solution. The mostcommon solidification processes 
are freeze drying and spray drying ( 1 0.1 920. 1 1 8]. Since most solidified 
nanoparticle dry powders are usually reconstituted back into nanosus- 
pensions during administration, drug nanocrystal growth or agglomer- 
ation during drying process needs to be prevented in order to maintain 
the nanosizing features such as rapid dissolution following the 
reconstiturion. Adding matrix formers, such as mannitol. sucrose and 
cellulose, into nanosuspensions prior to drying is the common approach 
to overcome the stability issues during solidification process ( I9|. Since 
several excellent reviews have been published on this topic [ 1 9.25.1 1 8|, 
the readers are directed to those reviews for more details. 

22.6. Chemical stability 

Since drug nanocrystals are usually dispersed in nanosuspensions 
with a limited solubility, the possibility of chemical reactions is not as 
substantial as that in solution-based formulations. Consequently, 



chemical stability of nanosuspensions is generally superior to that of 593 
solutions. Paclitaxel serves as a good example to illustrate this [1 19|. iua 
Fig. 7(a) shows an HPLC diagram of paclitaxel nanosuspensions sou 
stabilized with Pluronic® F68 after 4 years of storage at 4-8 "C. No mi 
visible degradation product was observed with a recovery of more Mi 
than 99%. On the other hand, paclitaxel solution with methanol as am 
cosolvent showed clear degradation only after 48 h at room ikm 
temperature (Fig. 7(b)). The excellent chemical stability of paclitaxel wb 
nanosuspensions was attributed to a mechanism similar to oxidized mm 
layer on the aluminum surface. Monolayer degradation on the 507 
nanocrystals surface was created once they were exposed to water cm 
and oxygen, as illustrated in Fig. 7(c). This monolayer could protect noo 
the inner part of drug crystals from further degradation, and thus sio 
enhance chemical stability of the nanosuspensions. r>i i 

Unlike the physical stability issue that is a common concern for ma 
nanosuspensions. chemical stability is drug specific. Each molecule km 
has its particular functional groups and reaction mechanism that km 
affects the stability. For example, chemical functionalities, such as fin 
ester and amides, are susceptible to hydrolytic degradation, while kik 
amino groups may undergo oxidative degradation [120]. Although SI7 
chemical stability of nanosuspensions is usually not a major concern, «is 
extra attention should be paid to drug molecules with solubility gis 
greater than 1 mg/mL or with low concentration in suspension |1 20). 620 
The common strategy to en nance the chemical stability is to transform 021 
the nanosupensions into dry solid dosage form which is much more m? 
stable than nanosuspensions [19] or to increase the concentration of 62.1 
the nanosuspensions [120], (vli 

2.3. Additional stability issues relate to large biomolecules r>2S 

Large biomolecules discussed in this review are mainly referred to 1,2a 
therapeutic protein and peptide. The molecular structure of protein/ 1,27 
peptide is distinctly different and more complicated as compared to r.28 
that of the small molecules. The structures of large molecules are 62>.i 
generally differentiated into four structures, i.e. primary, secondary, sai 
tertiary and quaternary structures [34], These different structures mi 
refer to the sequence of the different amino acids, regions where the H.12 
chains are organized into regular local structures by hydrogen im 
bonding such as alpha helix and beta sheet, the mechanisms on k:m 
how the protein/peptide chain folds into a 3-dimensional conforma- g:w 
tion. and the composition of multiple protein/peptide molecules 
assembly, respectively [32,33.123]. The intact molecular structure of <,:a 
protein/peptide is essential to maintain their therapeutic efficacy run 
[35,121|, Common stability issues associated with protein/peptide cm 
include deamidation. oxidation, acylation, unfolding, aggregation and wo 
adsorption to surfaces [35.1 21]. These stability issues are affected by m\ 
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temperature, solution pH, buffer ion, salt concentratioa protein 
concentration, and added surfactants, with solution formulations 
being more susceptible to the influence from these factors than the 
suspension formulations (34.35,121]. Although suspension formula- 
tions or solid state of protein/peptide have enhanced stability due to 
their reduced molecular mobility, other stability issues may arise 
during particle formation or formulation process. For example, 
irreversible denaturation and aggregation upon reconstitution were 
often observed for dehydrated protein through freeze drying or spray- 
drying [125,126], To prevent this, supplementary excipients such as 
bulking agents or surfactants are usually introduced during lyophi- 
lization [122], 

The vulnerable structure of protein/peptide creates challenges for 
formulation development. Instead of using "naked" protein, the 
common strategy to prevent protein/peptide denaturation is to 
encapsulate the biomolecules with carrier such as liposome [123], 
SLN [124] or polymeric materials [125.126). In addition to improving 
the stability, protein/peptide encapsulation can enhance bioavailabil- 
ity and provide sustained therapeutic release [125-128). There has 
been plenty of work reported on encapsulated protein/peptide 
nanoparticles but very scarce studies on pure protein/peptide 
nanoparticles. Comez et al. produced bovine zinc insulin nanoparti- 
cles using an electrospray drying technique and reported retained 
biological activities of the panicles [ 1 29). By using HPH, Maschke et al. 
attempted to micronize insulin in the medium of Myglyol 812 (130). 
The stability and bioactivity of the insulin were maintained in spite of 
the harsh HPH process conditions. Merisko-LiverskJge et al. (83) also 
noticed retained stability and bioactivity of zinc-insulin nanosuspen- 
sions that were produced through a wet milling process in presence of 
Pluronic® F68 and sodium deoxycholate. Nyambura et al. utilized a 
bottom up technique (combination of emulsification and freeze 
drying) to generate insulin nanoparticles (80w/wX insulin with 
20wt.% lactose) (110). The particles were then dispersed into 
HFA134a to produce an MDI formulation. The molecular integrity of 
insulin formulation, measured by HPLC. size exclusion chromatogra- 
phy, circular dichroism and fluorescence spectroscopy, indicated that 
native structures (primary, secondary and tertiary) were retained 
after particle formation and formulation process. The presence of 
surfactant (lecithin) and lyoprotectant (lactose) was believed to be 
responsible for preservation of the insulin structures. In their follow 
up work [109). they applied a similar approach to produce composite 



nanoparticles of lysozyme and lactose for MDI formulations. The m:i 
retained biological activity of lysozyme was enhanced with increasing («4 
lactose concentration in the particles, and reached maximum (99* km 
retained activity) with 20w/w% lactose. Nanoprecipitation coupled «.« 
with freeze drying was used as well in this work to produce spherieai W7 
nanoparticles containing 80w/w* lysozyme with fully preserved m 
bioactivity. It was demonstrated that bioactivity of lysozyme m 
nanoparticles remained unchanged when in contact with HFA 134a. G<xt 
Yu etal. compared the effectiveness of spray freezing into liquid (SFL) m 
and spray-freeze drying (SFD) processes in producing bioattive r><n 
lysozyme particles [131], Both processes generated highly porous im 
micro-sized aggregates of lysozyme primary nanoparticles in the size s*i 
of 100-300 nm. SFL process was shown to produce lysozyme with fi»s 
lower aggregation and higher enzyme activity as compared to the SFD am 
process, which was attributed to the shorter exposure time to the air- but 
water interface during the SFL atomization process. rm 

3. Characterizing stability of drug nanoparticles and nanoparticle goh 



Selection of characterization techniques for drug nanoparticles ;»i 
stability is dependent on the nature of stability issues and product 702 
dosage form. A few commonly used stability characterization rm 
techniques are listed in Table 2. 704 



3.1. Particle si 



e distribution and morphology 



Particle size and size distribution are the key parameters used for 71 
evaluating the physical stability of nanoparticles. A variety of 7i 
techniques, including photon correlation spectroscopy (PCS), also 7i 
known as dynamic light scattering (DLS). laser diffraction (LD) and 7( 
coulter counter, are commonly used to measure the particle size and ti 
size distribution (Table 2). The PCS/DLS is widely used to determine 71 
the size and size distribution of small particles suspended in liquid 71 
medium. The mean particle size and size distribution indicated as 71 
polydispersityindex (PDI) are the typical measured parametersof this 71 
technique. A PDI value of 0.1 to 0.25 indicates a narrow size 71 
distribution while a PDI greater than 05 refers to a broad distribution 7 1 
[20], Unfortunately, this technique is not capable of measuring size of 71 
dry powders and its measurement range is too narrow (3 nm to 3 um } 71 
to detect the interference from the microparticles (>3 um) within the 71 



Please cite this article as: L Wu. et al.. Physical and chemical stability of drug nanoparticles. Adv. Drug Deliv. Rev. (2011). doi:l0.1016/j 
addr.201 1.02.001 



1 1 




£215 Particle surface durgr/zeta potential Uset Doppler electrophoresis 

t'l tn Crystallinity state XRD/DSC 

t*2 : f rMemirJl stability HPLC/FTIR/NMR/MS 



nanosuspensions. Therefore. LD is often used in combination with PCS 
to circumvent this issue. User diffraction has a much wider detection 
range (20 nm to 2000 um) and it can be used to evaluate both 
suspension and dry powder samples. The typical LD characterization 
parameters are LD50. LD90 and LD99. indicating 50. 90 or 99* of the 
particles are below the given size, respectively. LD is especially 
suitable for characterizing parenteral and pulmonary suspensions due 
to it wide measurement range. LD can detect the presence of 
micropartide5 (>5 um) which are detrimental to parenteral nanosus- 
pensions. However, LD provides only relative size distribution. The 
Coulter counter, on the other hand, measures the absolute number of 
panicles per volume unit for the different size classes, and is more 
precise than the LD. 

Although PCS, LD and coulter counter techniques provide rapid 
measurement of particle size and size distribution, they do not have 
the capability in evaluating particle morphology. As direct visualiza- 
tion techniques, Scanning Electron Microscope (SEM). Transmission 
Electron microscope (TEM) and Atomic Force Microscope (AFM) are 
widely used for assessment of particle morphology. However, it is 
very challenging and time-consuming to measure a significant 
number of particles to achieve statistical size distribution using 
these techniques. In addition, they usually require additional sample 
preparation such as coating that could be invasive to the particles, 
potentially causing some changes in particle properties. 

3.2. Sedimentation/creaming 



The traditional method to evaluate sedir 
by visual observation over a period of time. By measuring the volume 
of the settled or creamed particle layer relative to the total suspension 
volume within a specific time, a dimensionless parameter known as 
sedimentation or flocculation volume can be obtained as a quantita- 
tive evaluation of suspension stability. A higher flocculation volume 
indicates a more stable suspension. The structure of settled/creamed 
layer can be easily assessed by re-dispersing the suspension, i.e. easily 
re-dispersed suspension indicates loose (Iocs while a dense cake is 
hard to be broken by manual shaking. Other approaches to evaluate 
sedimentation/creaming include laser backscattering (1 32] and near- 
infrared transmission [133]. 

3.3. Particle surface charge 

Laser Doppler electrophoresis is commonly used to measure ZP. 
This technique evaluates electrophoretic mobility of suspended 
particles in the medium. It is a general rule of thumb that an absolute 



value of ZP above 60 mV yields excellent stability, while 30, 20 and 7 

less than 5 mV generally results in good stability, acceptable short- ? 

term stability and fast particle aggregation, respectively [29]. This rule i 

of thumb is only valid for pure electrostatic stabilization or in 7 

combination with low-molecular weight surfactants, and is not valid 7 

when higher molecular weight stabilizers are present [29 J. 7 



3.4. Crystalline state 7 

The crystallinity of drug nanopartides is usually assessed by X-Ray 7 

Diffraction (XRD) and/or Differential Scanning Calorimetry (DSC). 7 

XRD differentiates amorphous and crystalline nanoparricles as well as 7 

different polymorphic phases of the particles, while DSC is often used 7 

as a supplementary tool to XRD. Crystalline particles usually have 1 7 

sharp melting peak which is absent in amorphous materials. The r 

melting point can also be utilized to differentiate different 7 

polymorphs. 7 



3.5. Chemical stability 



HPLC is the most common characterization technique used to 777 
evaluate chemical stability that provides precise quantitative analysis 778 
on the degradation impurities. Mass spectrometry (MS) is often 779 
coupled with HPLC to identify the molecular structure of impurities. 7*1 
Some other techniques such as FTIR and NMR can also be used for vsi 
chemical stability assessment. However, they are not as precise and :s2 
HPLC, and thus not widely used for stability assessment, rsn 



For large biomolecules, additional characterization tools are 7,sn 
generally required depending on the level of molecular structure to 787 
be assessed. For instance, size exclusion chromatography and run 
electrophoresis are used to evaluate the primary structure of large 7W> 
biomolecules, circular dichroism is to monitor the secondary and 790 
tertiary structures while fluorescence spectroscopy is for tertiary 791 
structure [34,134). In addition, in-vifro bioassays or in-vivo efficacy 79'< 
tests are needed to evaluate biological activities of the large 7<« 
biomolecules. Insulin particles, as an example, have been tested for t<m 
its bioactivity either by in-virro chondrocyte culture assays [1 30 1 at in- ik 
vivo monitoring of blood glucose level on rats following insulin 796 
administration [83]. 737 
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r«8 4. Recommendations of general strategies for enhancing stability 

799 of nanoparticle formulations 

sou Strategies to address different stability issues are usually tailored 

801 according to different aspects, such as therapeutic requirements. 

urn dosage form and manufacturing complexity. For example, as the 

803 particle size is reduced, the sedimentation rate is decreased so that the 

804 panicles can stay suspended longer in nanosuspensions. The general 
soft wisdom is that the smaller the nanoparticies are, the better. 
nor, Unfortunately, too small particles are not always desirable, as they 
sot may create undesired plasma peaks due to the significant increases in 
sos dissolution rate [28]. Moreover, manufacturing complexity may be 
809 increased as well when the particles size requirements become too 
sio stringent. 

sn The use of stabilizers is the most commonly used technique in 

812 achieving a stable nanoparticle formulation. However, the stabilizer 

sr.i selection is known to be very challenging. The challenge stems mainly 

814 from two aspects: (i) lack of fundamental understanding of interac- 

815 tions within nanosuspensions and (ii) lack of an efficient and high 

816 throughput stabilizer screening technique. In the case of aqueous 

817 nanosuspensions, it is relatively easy to select stabilizers given that 

818 water-based stabilizing moieties such as PEC and PVA are well known. 
m« However, selecting the anchor groups that interact strongly with the 
620 drug surface can be challenging due to the limited understanding on 
821 interactions between nanoparticies and stabilizers in molecular level. 
82l» For non-aqueous nanosuspensions such as HFA-based MDI delivery 

823 system, understanding ofsolvation in the low-dielectric HFA medium 

824 is still in its infancy, which makes stabilizers selection even more 

825 challenging. Inefficient screening approaches are another hurdle for 

826 stabilizer selection. The current practice for stabilizer screening 

827 involves trial production of nanosuspensions with different stabilizers 
82s or stabilizer combinations, which could be burdensome and require 

829 vast amount of efforts especially with a large number of potential 

830 stabilizer candidates. AFM has recently been proven to be a feasible 
.mi and efficient tool for stabilizer screening. Verma et al. demonstrated 
»,J2 the feasibility of using AFM to select stabilizers for Ibuprofen 
h:« nanosuspensions [135]. The AFM measurements showed that HPMC 
M4 and HPC had extensive surface absorption on the ibuprofen surface, as 
Has opposed to the inadequate surface absorption with PVP and Pluronic® 

836 surfactants. These results correlated well with their stabilizing 

837 performances in the nanosuspensions. This finding confirmed the 
ais significance of AFM in providing a scientific rationale for stabilizer 

839 selection and improving understanding of the stabilization mecha- 

840 nisms. Another technique, known as colloidal probe microscopy 

841 (CPM) which is derived from AFM. has also been widely used to study 

842 interactions between colloidal particles and is expected to be a useful 

843 tool for nanosuspension stabilizer screening [136]. 

844 Due to the significant challenges associated with stabilizer 
S4S selection, self-stabilized nanosuspensions with no added stabilizer 

846 are highly desirable. This is not only for simplifying the formulation 

847 development process but also reducing stabilizer-based toxicity. 
84» Unfortunately, the challenges to engineer such self-suspended 
849 nanoparticies are tremendous with very few reported studies to 
8M date. A couple of approaches that could potentially be used to produce 
sal self-stabilized nanosuspensions include the creation of drug nano- 

852 particles with high ZP and controlling morphology or surface 

853 properties of drug nanoparticies to minimize inter-partiailate forces. 



The stability of drug nanoparticies remains a very challenging 
issue during pharmaceutical product development. Stability is 
affected by various factors such as dosage form (nanosuspension vs. 
dry solid), dispersion medium (aqueous vs. non-aqueous), delivery 
route (oral, inhalation, IV or other routes), production technique (top- 
down vs. bottom-up) and nature of drug (small molecules vs. large 



biomolecules). Despite the significant challenges associated with m 
stabilizer screening, adding a stabilizer or combination of stabilizers is 562 
still the most commonly used and preferred approach to enhance the m-.i 
stability of nanosuspensions. Further understanding of particle- xiu 
particle interactions within nanosuspensions and development of 865 
high-throughput stabilizer screening tools are essential to facilitate urn 
efficient stabilizer selection. Development of self-stabilized nanosus- se,7 
pensions, although currently seen as very complicated and challeng- *m 
ing, is expected to grow with the continuing advancement in the field m:> 
of particle engineering. std 
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